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Foreword 


You can work the world with 5 watts or less. That’s the philosophy 
of the QRP operator, along with “power is no substitute for 
operating skill.”” A contact halfway across the country with a 1-watt 
rig that you built can be just as rewarding as using a kilowatt to 
work a rare DX station halfway around the world. 


Doug DeMaw, W1FB, has been writing articles about QRP 
operating and equipment construction for many years. In this book, 
Doub presents construction projects for the QRP operator, from a 
simple 1-watt crystal-controlled transmitter to more complex 
transceiver designs. Rather than simply presenting a collection of 
completed units, Doug guides you through the projects “‘building- 
block” style. This way, you gain an understanding of how the 
circuits operate and learn how the building blocks might be put 
together in other configurations. 


Experimentation and low-power operating go hand in hand. 
Construction of a complete modern transceiver is a major 
undertaking, but some of the circuits in this book can be put 
together in an evening or a weekend from a few dollars’ worth of 
parts. Once built, the equipment can be tested and improved as 
your understanding and skill grow. Many of the simpler circuits 
can be used later as parts of the more complex projects. 


We hope that this book will encourage you to pick up the 
soldering iron and give one of the circuits a try. Experience 
firsthand the thrill of a contact with equipment you built. 


David Sumner, K1ZZ 
Executive Vice President 


Newington, Connecticut 
March 1986 
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PREFACE 


QRP means something different to each of us. We may 
find our pleasure in-<operating at or below the recog- 
nized 5 watt maximum power level, and that may be 
where our primary interest ends. On the other hand, 
our maximum QRP pleasure may come from designing and 
building low-power transmitters and allied equipment. 
Some QRPers delight in both facets of the’ pastime. 
This booklet is dedicated primarily to the QRP build- 
er, and there is minimum emphasis on the operating 
aspects of our unique hobby. A book that I consider 
excellent for first-time QRPers and those whose main 
interest is in operating was written by Adrian Weiss, 
WARSP. The title is The Joy of QRP. 


This! (bogk follows ‘my {preferred style sotatara tinge 
plain language. You won't be distracted by needless 
formulas and deep technical explanations. We'll leave 
that for later research, should you be so disposed. 
The ARRL Handbook and SOLID STATE DESIGN for the Radio 
Amateur contain detailed explanations of how circuits 


function, along with the related smathematics . In 
this’ book we, will consider voroaven) practical. QRP sang 
related “circuits. “Guidelines (are. oaven. oT basic 


design activities, and we address also the typical 
ailments in QRP equipment, along with cures and some 
preventive procedures. 


I will always maintain that the better part of Amateur 
Radio is found in the hem workshop. Any licensed oap- 
erator’ can). buy, commercial gear “andi go One thes saun. 
But, the real thrill of QRP operation comes from build- 
your own equipment, innovating and experimenting. 
That was what radio was all about in the beginning, 
and those who have never experienced the joys of oper- 
ating with homemade transmitters and receivers have 
missed the fulfillment that is due them. 


Fancy diagrams and photographs are obtrusive by their 
absence. I chose a simple presentation format to keep 
the \cover price of (this book slow.) Tahoe eva uae 
have many of happy hours as you progress through these 
pages. 


Vy 73, Doug DeMau, W1FB/8 (ex WICER, W8HHS) 
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QRP EQUIPMENT FORMAT 


The question arises frequently about the best choice in equip- 
ment format -- transceivers versus separate transmitter and rec- 
eiver. There are pros and cons for each lineup. The final decis- 
ion rests with the QRP operator, and his or her style of operat- 
ing will dictate the most convenient arrangement. 


There is no question about small transceivers being the correct 
way to go when the equipment is to be used mainly as an emer- 
gency unit for such experiences as backpacking, hiking, boating, 
and such. A lightweight, self-contained CW package can be tucked 
into a small space, along with a simple antenna and a battery 
pack. 


Conversely, the fixed-station operator can enjoy the luxury of 
an ac-operated dc power supply, separate transmitting and rec- 
Piving packages, and a tad more dc-power input to the final stage 
of the transmitter. 


Separate units enable the builder to modify one unit without 
taking the other piece (transmitter or receiver) out of service. 
We may frequently wish to improve the circuit of one of the mat- 
ing units, or we may desire to replace it with a new circuit. 
Certainly, having "separates" is a convenience under these cir- 
cumstances! 


What other advantages are offered by using separate units? First, 
the need for RIT (receiver incremental tuning) is avoided. Also, 
we need not worry about the correct transmitter "frequency off- 
set," as is the case when using a transceiver: We simply tune 
the receiver to the desired listening frequency. 


Having separate equipment for transmitting and receiving does 
not imply that the composite QRP station needs to be large. To 
the contrary, many builders develop packages that are quite tiny. 
In fact, some "separates," combined, are much smaller than a 
number of transceivers I have seen .. . especially those made 
by commercial manufacturers. 


For many of us the challenge of miniaturization is a motivating 
force when we design a new piece of QRP gear. W/ZOI and W7EL 
have demonstrated their craft quite well in this regard. Their 
work has appeared in QST (see Appendix). 


I don't wish to sell transceivers short, by any means. They have 
their place, and are well suited for use with direct-conversion 
Teceivers, since a common LO frequency can be used for receiving 
and transmitting. The choice of format is yours. 


SOME WORDS ABOUT ANTENNAS 


The antenna is the lifeline of our QRP stations. The better the 
antenna performance the greater the distance we can span with 
our low-power signals. Ideally, we should add as many decibels 
as possible via the antenna system. This helps to compensate 
for the dBs we lose by operating with less than 5 watts. The 
QRP-station antenna should equal or exceed that of the QRO fixed 
station. 


Despite this proven rule, a number of QRPers believe that the 
QRP-station antenna should also be modest and low cost. This 
is not a common-sense conclusion. Only a masochist would use 
an inferior antenna with a QRP rig! 


What constitutes an inferior antenna? First, a random length 
of wire, close to the ground, might serve as an example. Yet, 
I've known a number of QRPers who were willing to settle for 
such a poor radiator. Secondly, partial-size antennas with traps 
or loading coils do not offer efficient performance. If you are 
running 100 watts, or a kW, you can afford to throw a few dB 
away by way of a compromise antenna: At the QRP level we should 
accept nothing short of first-rate antenna performance. 


You may be asking at this juncture, "What is a good antenna?" 
A full-size dipole for the band of operation can be a good ant- 
enna if it is high above ground (1/2 wavelength or greater, in 
a best-case example), and when it is clear of nearby conductive 
objects, such as power lines, phone wires and other metal items 
that have reasonable mass. Of course, the feed line for the half- 
wave dipole should have minimum loss, and must be kept as short 
as practicable if we are to cut down the losses. Open-wire feed- 
ers offer the least loss. 


Other good antennas are triband and single-band Yagis. Full-size 
vertical antennas with ground radials are also good. Some half- 
size verticals with proper top loading will do nicely for QRP 
work, assuming a decent ground system is used with the vertical 
radiator. 


The ARRL ANTENNA BOOK describes all manner of good antennas, 
along with the principles that make them perform well. I recomm- 
end that book as a reference. 


It is wise to keep in mind that dBs gained are cumulative in 
the overall system. Avoid lossy feed lines such as miniature 
RG-174/U. It is very lossy, as is some older surplus coaxial 
cable. Whenever possible, avoid the use of RG-58/U and opt for 
RG-8/U or even RG-8X. 


CHAPTER 1 


THE ESSENTIALS OF RECEIVING 


It is important that the receiver in a QRP package be at least 
as good as the transmitter in terms of performance. This truism 
applies to any ham station, irrespective of the power class. 
What is meant by "as good as?" Generally, we perceive this to 
mean that the receiver should be frequency-stable, it will 
exhibit good sensitivity, and will have ample overall gain (RF 
and audio sections combined) to provide adequate headphone or 
speaker volume for weak signals that are at or slightly above 
the noise threshold of the receiver. 


What else should we look for in an adequate QRP receiver? High 
among the qualities is dynamic range. This means that the rec- 
eiver must be able to accommodate large in-band or out-of-band 
Signals without becoming desensitized or generating unwanted 
additional responses (IMD == intermodulation distortion) within 
the RF amplifier and/or mixer stages. In the case of direct- 
conversion (DC) receivers, we must also quard against unwanted 
AM detection, common-mode hum and undue microphonics. All of 
the foregoing may seem like a large order when we sit down to 
design a receiver for our QRP adventures. True, some of the des=- 
ign criteria are difficult to realize, but it is possible to 
develop good receivers that are simple in design. In this chapter 
we will examine methods for avoiding pitfalls while achieving 
satisfactory performance. 


For the most part, a receiver for use from 1.8 through 10.1 MHz 
should not require an RF amplifier ahead of the mixer or prod- 
uct detector to ensure an acceptable SNR (signal-to-noise ratio) 
if the first stage of the receiver is designed properly. At 14 
MHz and above, a low-noise RF amplifier is recommended, since 
the receiver noise may exceed the noise coming in from the ant- 
enna (atmospheric and man-made noise). 


The stability of the receiver local oscillator is important when 
a high order of selectivity of desired. In other words,’ the 
sharper the receiver filter is (IF or audio) the more pronounced 
the effects of oscillator drift. This consideration becomes high- 
ly significant if the QRP equipment is used for field work where 
the ambient temperature can change markedly from hour to hour. 
VX0s (variable crystal oscillator) offer an easy route to stabil- 
ity under severe environmental conditions. 


1.1 Direct—Conversion Receivers 


At this time the direct-conversion (DC) or synchrodyne receiver 
offers the utmost in design simplicity. In effect, a DL receiver 
is an advance in performance beyond the long-popular "genny" 
or regenerative receiver. The latter type was plagued by lack 
of "smoothness" in the feedback or regeneration control. Some 
settings caused dead spots, while others caused howling. Most 
of those receivers required resetting of the regeneration control 
as one tuned across a MHz or more of frequency range. 


The DC receiver uses a separate oscillator to supply injection 
Signal to the detector, whereas the regen receiver uses a detect- 
or that operates also as an oscillator -- hence the annoyance 
mentioned above. 


A DC receiver consists of a tunable product detector that uses 
a variable beat-frequency oscillator (VBFO). This VBFO replaces 
the tunable local oscillator in superheterodyne receivers. The 
product detector in a DC receiver functions somewhat as the mix- 
er ina superhet. So, the front end of a DOC receiver can consist 
of a product detector and VBFO, unless an RF amplifier is used 
ahead of the detector. 


Fig. 1-1 shows a block diagram of a typical DC receiver. Note the 
Simplicity of the lineup. 


Fig. 1-1 -- Block diagram of a simple DCU receiver. 


Most of the receiver gain is developed in the audio section. This 
requires between 75 and 100 dB of audio gain to produce suffic- 
ient weak-signal output to the speaker or phones. Note also that 
the required selectivity for SSB or CW reception must be provid- 
ed by means of audio filtering rather than RF filtering. Select- 
ivity can be developed through the use of passive (inductors 
and capacitors) or active (transistors or ICs) audio filters 
that are located after the product detector. In order to enhance 
the noise figure of the audio channel, a low-noise AF amplifier 
should be included between the detector and the input of the 
audio filter, especially when active filters (noisy) are used. 


1.2 DC Receiver Problems 


Direct-conversion receivers suffer from hum and wmicrophonics 
that do not normally show up in superhet receivers. The malady 
worsens as the operating frequency is increased. Many DC receiv- 
ers become almost unusable at 14 MHz and above, especially when 
they are operated from an ac power supply. Why does this happen? 
First, the cause of microphonics (physical movement of elect- 
Tical connections, such as tuning-capacitor bearings) is present 
in all types of receivers, but these RF disturbances are detect- 
ed, converted to audio frequency, then greatly amplified by the 
high-gain audio channel in the DC receiver. These same noises 
might never be heard in a well-designed superhet. 


Common-mode hum is the other plague of DC receivers. What causes 
this annoying hum? Why don't we hear it when using a battery 
power source? The problem is caused by VBFO energy entering the 
ac power supply via the dc and ac power leads, then reaching 
the rectifiers, where harmonics (clipped waves) of the VBFO are 
generated. This unwanted ac-modulated energy is radiated by the 
power-supply leads, picked up by the station antenna, then fed 
back into the product detector. It's a vicious circle! 


There are cures for common-mode hum: 


1) Install 0.01-uF bypass capacitors across the rectifier 
diodes (one for each diode). 


2) Place a 0.01-uF capacitor from each side of the ac line 
(inside the power-supply cabinet) to chassis ground. 


3) Wind a decoupling choke and install it near the power- 
supply dc output terminals. Use 25 turns of no. 22 wire 
(bifilar wound -- a pair of identical windings, side by 
Side) on an Amidon FT114-61 ferrite toroid core (uy = 125). 
The plus power-supply lead is thus passed through one choke 
wire, while the ground or negative lead is routed through 
the remaining choke wire. 


4) Connect a good earth ground to the receiver chassis. 


5) Do not use an end-fed wire antenna. Try to space the 
station antenna away from the shack and use coaxial- 
cable feed line. 


I have found the foregoing preventive measures very effective 
in reducing or completely eliminating common-mode hum. The use 
of the bifilar-wound decoupling choke as a cure was initiated 
by W7ZOI some years ago. 


1.3 The Product Detector 


We are tempted frequently to relate circuit simplicity to the 
term "QRP." This, more often than not, can lead us down the path 
of trouble. For example, a typical "simple" product detector for 
a DC receiver might be a single dual-gate MOSFET (40673 or 3N211) 
or a single JFET, such as an MPF102 or 2N4416. Although detectors 
of this type (Fig. 1-2A) provide reasonable conversion gain (6 
to 12 dB typically), the single-ended PD is subject to severe 
unwanted A-M detection. Strong A-M broadcast stations can overload 
the PD to create broadcast-station "blanketing" across all of 
a given amateur band. The circuit of Fig. 1-2A is recommended 
only for the simplest of portable or emergency gear, but not for 
all-round QRP operating, especially on the 4O-meter band where 
countless loud BC stations are found. 


The next-best approach to PD design for the front end of a DC 
Teceiver is the adoption of a singly balanced PD of the general 
type illustrated. in Fig. 1-2B. Here we have two JFETs operating 
in a push-pull hookup, with the local oscillator (LO) fed to the 
JFETs in a parallel manner via the secondary center tap of 11. 
A toroidal tuned transformer (11) is indicated. The antenna tap 
is located approximately 10% of the total primary turns above 
the grounded end of the winding. Although an equal number of turns 
may be used for the 11 secondary, it is common practice to use 
0.25 or less the number of turns on the primary winding. This 
reduces the signal input to the PD, which aids the dynamic range 
(improved strong-signal performance). Best results will be had 
when the PD is laid out for symmetry of the electrical circuit. 
This will improve the balance. T2 is an audio interstage trans- 
former (10K primary, 2K secondary). 


Some ICs, such as the RCA CA3028A, serve nicely as singly balanced 
PDs, owing to the differential pair of bipolar transistors con- 
tained on the chip. Other ICs, such as the CA3046, also work well 
in this application. Examples are given in Solid State Design 
(ARRL). Similarly, we may use two matched bipolar transistors 
in place of the JFETs in Fig. 1-2B. 


Our best results will be had when we use a doubly balanced PD 
at the front end of our DC receivers. The devices may be passive 
(diodes) or active (transistors or ICs). The greatest rejection 
of A-M signals will be enjoyed when using a doubly balanced PD. 
The classic diode-ring doubly balanced PD is seen in Fig. 1-2C. 
D1-D4, inclusive, should be matched for forward resistance. An 
ohmmeter is suitable for the purpose. Hot-carrier diodes are rec- 
ommended, but high-speed switching diodes such as 1N914s are suit- 
able when hot-carrier diodes are not available. Again, the layout 
of the detector should be symmetrical for best balance. 
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FIG. 1-2 


T™1 and T2 of Fig. 1-20 are small toroidal units with trifilar 
windings (three identical-length wires wound on the core at the 
same time -- parallel or twisted a few turns per inch). Suitable 
transformers can be made by winding 15 trifilar turns on Amidon 
Associates FI-37-43 ferrite cores (850 ui). No. 30 enameled wire 
can be used. The large dots over the transformers indicate the 
correct phasing of the windings. Be sure to hook up the circuit 
exactly as indicated by the dots. 


The diode PD of Fig. 1-20 is a passive one. Rather than exhibit 
conversion gain, as do the circuits of A and B in Fig. 1-2, the 
diode-ring detector has a conversion loss. This means that approx- 
imately 8 dB of gain is lost in the DC receiver front end. This 
detector degrades the receiver NF (noise figure), which will lead 
to unacceptable weak-signal reception at 30 meters and higher. 
A low-noise RF amplifier should be used ahead of the diode-ring 
PD in order to provide gain and a workable noise figure. 


The VBFO, which is a tunable local oscillator, that is used with 
the PD of a DO receiver, needs to deliver substantially more power 
outpute-G7 dBm) for. the. circuit of Fig: 1=20° than is needed far 
the active PDs of Fig. 1-2. The characteristic impedance at the 
ports of the diode-ring PD is approximately 50 ohms. Therefore, 
the LO voltage at T2 of Fig. 1-20 should be on the order of 0.5 
Vrms (as measured with a VIVM and RF probe), or 1.4 V pk-pk, 
as observed on a scope display. The two active PDs of Fig. 1-2 
require roughly 6 V pk-pk at the gates of the FETs to allow proper 
LO injection. But, as little as 10 mW of LO output power is needed 
to achieve this injection level at the higher terminal impedances 
oF the FEL? PDs. 


1.4 RF Amplifiers 


We may use bipolar transistors or FETs as receiver RF amplifiers. 
Both types of device can provide high gain and a low NF if treated 
properly. In an ideal design the RF amplifier provides not only 
the aforementioned characteristics, but also has good strong- 
Signal capability (low IMD). Dynamic range is important to RF 
amplifiers, just as it is to mixers or PDs in a receiver front 
end. This situation can be aided by ensuring that selective tuned 
circuits are used at the input and output of the RF amplifier. 
The high selectivity aids in rejecting strong out-of-band signals, 
but does not offer much help against strong in-band signal energy. 
Generally, high operating voltages and careful attention to biasing 
Will help to provide a low NF and good dynamic range. For example, 
the RF amplifier of Fig. 1-3B would have improved DR (dynamic 
Tange) if the operating voltage were increased to 18 or 20. This 
would allow a larger signal swing before the stage started to 
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FIG. 1-3 


overload. Two FETs in a series arrangement would permit even higher 
operating voltages to be used. 


The CATV transistor indicated in Fig. 1-3A has a low NF and good 
high-frequency characteristics. Ft is 1200 MHz. Numerous VHF or 
UHF transistors can be used at Q1, assuming the NF is suitable 
for HF use. For the bands below 20 meters we may obtain satisfact- 
ory performance with the popular 2N2222A or 2N3904. 


The tap point on 11 for the base of Q1 (Fig. 1-3A) is set at app- 
Toximately’ 600: chms:) This’ location. is foundvat 8.25) to) 0.33) 0n 
the total turns. The 71 primary winding is approximately 10% the 
total secondary turns. T2 can be a duplication of 11, minus the 
tap. Amidon T50-2 (red) toroid cores are suitable for 171 and 12 
up to 20 meters. From 20 through 6 meters we should use the 150- 
6 (yellow) toroid cores for best circuit Q (quality factor). 


It is not uncommon to encounter parasitic or self-oscillations 
in a high-gain RF amplifier. Such spurious oscillations may occur 
at.(audia,: LF, MF, HF, VHF vor URRewohort), connecting. leads wile 
help to reduce the chance of self-oscillation. R1 is used as a 
VHF/UHF parasitic suppressor. Oscillations at lower frequencies 
may be eliminated by "swamping" T2 with a resistance (R2). The 
value of this resistor may range from 1K to 10K. R2 will lower 
the Q of the tuned transformer, thereby reducing the selectivity. 
For this reason we should use the highest value of resistance 
that will stabilize the amplifier. An advantage of the use of 
R2 is that the response of the T2 tuned circuit will be broader 
than if no resistor were used. This permits peak signal response 
across a Wider portion of a band than would otherwise be possible. 
It can be seen that various tradeoffs exist in the general design 
of an RF amplifier. 


The gain of the circuit at A of Fig. 1-3 may be as great as 15 
or 18 dB, whereas the circuit of Fig. 1-3B will yield only 10- 
12 dB of gain in an average case. A virtue of the grounded-gate 
FET RF amplifier is stability, assuming the gate lead to the point 
of grounding is very short. VHF or UHF parasitics can still occur, 
so we have included R1 for that reason. R2 can be added if other 
forms of self-oscillation take place. T™1 and T2 follow the same 
rules set forth for the amplifier of Fig. 1-3A, except that the 
FET source tap is approximately 1/4 the total secondary turns. 
This amplifier has been a favorite of mine for many years. Addit- 
ional gain ahead of the PD may be obtained by using two of these 
amplifiers in cascade (series). However, the extra gain is seldom 
advantageous. In fact, too much gain ahead of a mixer or PD can 
impair the dynamic range seriously. 


1.5 Audio Channel 


We may tend to think that the audio section of a DC receiver is 
of mo special significance, provided it assures ample overall 
gain for the receiver (75 to 100 dB). This is not a wise philosophy 
if we are seeking high performance. Why? Because the good qualities 
of a well-designed front end can be spoiled by an inferior audio 
strip. What features should we consider? First, a low distortion 
amplifier is necessary if we don't want fuzzy-sounding signals 
in the headphones or speaker. Crossover distortion is often the 
cause of poor audio, and the weaker the signal being received 
the more annoying the "fuzz" caused by the distortion. Some audio 
ICs are prone to having crossover distortion, and there is no 
means available to alter the internal biasing to correct the prob- 
lem. I prefer to use discrete devices because I have control over 
the bias applied to the output transistors. I have found, however, 
that many low-power audio ICs, such as the LM-386, are relatively 
clean in terms of distortion. 


Some attention needs to be paid to audio shaping (frequency respon- 
se) when designing a receiver. That is, we want to pass only those 
frequencies that are useful in communicating. For SSB reception 
(to reduce the effects of QRM) the frequency response of the rec- 
Giver should be from 300 to 2500 or 3000 Hz for best results. 
When designing for CW reception the overall response should be 
narrow, and it should peak at our preferred beat-note frequency. 
The commercial standard these days calls for a peak CW-note res- 
ponse of roughly 700-800 Hz. All frequencies above and below that 
Tange should be rolled off sharply. 


Noise figure is important also in our receiver audio strip. The 
lower the front-end gain of the DC receiver the more important 
this consideration becomes. As a matter of design practice I always 
use a low-noise transistor audio amplifier immediately after the 
PD or the filter that follows the PD. The benefits of a low NF 
in the audio channel are especially prominent when copying weak 
Signals. A high NF will mask a weak signal in hiss noise. An MPF102 
or equivalent JFET serves nicely as a low-noise audio preamplifier. 


1.6 DC Receiver Selectivity 


The dedicated QRP operator could not survive for long without 
overall receiver selectivity: The QRM would render reception almost 
impossible during periods of high activity. How might we obtain 
the needed CW or SSB selectivity for a DC receiver? Well, two 
methods are in use today -- the addition of a passive LC filter, 
or the use of an RC active filter. These filters are designed 
for use in the audio section of the DC receiver. Generally, the 
audio filter is inserted directly after the low-noise audio preamp 


which follows the PD. However, some amateurs add the filter between 
the headphone jack and the phones, external to the receiver. The 
shortcoming of that technique is that high audio levels can over- 
load an active filter, causing distortion and poor performance 
in general. Ideally, the filter should be used at some low-level 
point in the audio system. 


Fig. 1-4 shows a passive CW filter at illustration A. An RC (Tes- 
istor/capacitor) active filter is shown at B of Figs la. 
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The passive filter uses two 88-mH telephone toroids (surplus). 
If these can't be found you may order two of the large Amidon 
Assoc. pot-core blanks (2000 or 2500 permeability) and easily 
wind your own 88-mH inductors. Winding instructions are supplied 
with the pot cores. The capacitors used in Fig. 1-4A should be 
high-Q types, such as polystyrene or mylar. The values specified 
may be difficult to locate. If so, you may parallel various values 
of capacitor to obtain the specified capacitance. Alternatively, 
the 0.43-uF units can be replaced with O0.47-uF capacitors, and 
the 0.082 capacitor can be changed to 0.1 uF. There will be minor 
variations in performance if these changes are made. Two of these 
filters may be used in series to sharpen the skirts of the res- 
ponse curve, but with added insertion loss as a penalty. 


The RC active filter of Fig. 1-4B uses an §&-pin DIP dual op amp 
to provide a two-pole, 7O0-Hz format. Three poles (one more ident- 
ical filter section) will provide sharper skirts. But, for most 
CW operation the two-pole circuit is adequate. All of the capac- 
itors other than the input and output blocking units are high- 
Q types. Polystyrene capacitors are recommended. They should be 
Closely matched in value to ensure a narrow nose response for 
the filter. It is important also to use closely matched resistors 
in the circuit. Normally, 5% units will suffice. 


Most of the older op-amp ICs generate internal noise that is ref- 
erred to as "popcorn hash." It is better, therefore, to use one 
of the newer op amps that contain FETs at the input, such as 
the Radio Shack TLO series of op amps. These are very quiet chips. 


Both of the filters shown in Fig. 1-4 are practical designs. They 
represent the starting point in filter complexity. Sharper filters 
may appeal to you. If so, the ARRL Handbook and Solid State Design 
contain specific design data, plus examples of more elaborate 
filters, passive and active. The filters shown here are more than 
adequate for most simple QRP gear. 


1.7 LO Considerations 


Stability of the tunable oscillator is as important to a DCU rec- 
eiver as it is to a high-performance superhet. The greater the 
overall selectivity of the receiver the more important becomes 
frequency stability. A wandering LO will cause the received signal 
to disappear from the receiver passband. 


Also, the LO output should not contain high amounts of harmonic 
energy. The harmonic responses should be 4O dB or greater below 
the peak output of the desired LO energy. I like to use a simple 
half-wave harmonic filter at the LO output port to help ensure 
spectral purity. If harmonics are present, the receiver will res- 
pond to signals outside the band of interest, thereby causing 
all manner of unnecessary QRM. 


da 


Fig. 1-5 shows two approaches we may consider when designing our 
VBFO. The circuit of Fig. 1-5A indicates how simple it is to build 
a variable crystal oscillator (VXO). Excellent long-term stability 
is characteristic of VX0s, even during significant changes in ambient 
temperature. The negative qualities of the VX0 are limited tuning 
range, which worsens as the operating frequency is lowered. For ex- 
ample, a typical frequency swing at 3.5 MHz might be 3 kHz, whereas 
at 14 MHz it is easy to obtain shifts of 10 kHz or greater. The other 
problem with VX0s is nonlinear tuning by means of C3. As C3 becomes 
fully meshed (max. capacitance end), the change in frequency slows 
down, but near the minimum capacitance end of the C3 tuning range, 
the frequency changes rapidly. This problem is more annoying when 
the UXO is used in a receiver, than when it is used to control the 
transmitter frequency. 


AT-cut fundamental crystals in HC-6/U holders seem to have the great- 
est frequency swing in a VX0. The lower the stray capacitance in 
the oscillator circuit, the greater the swing possible. Therefore, 
the capacitance of C1 and C2 should be as low as possible, consist- 
ent with ample feedback to start the oscillator. NPO or dipped silver- 
mica capacitors are best at C1 and G2. L1 is required for large freq- 
uency changes. I suggest 10 uH for 15 to 20 MHz crystals, 20 uH for 
7 to 15 MHz operation, and 4O uH for 3.5 MHz VWXO0s. Slug-tuned or 
toroidal coils are suitable at L1, provided the unloaded Q is 50 
or greater. The VXO crystal should be etched for the upper end of 
the desired operating range. As C3 is adjusted for greater capacit- 
ance, the VX0 operating frequency will move lower. 


A simple LC VBFO is illustrated in Fig. 1-58. A Colpitts circuit 
of this type offers good frequency stability if certain precautions 
are taken. The principal "sensitive" components are C1-C6, plus L1. 
NPO ceramic (disc or dogbone) capacitors are recommended for C1-C4, 
but good results have been obtained with polystyrene capacitors. 
Silver-mica capacitors have been used successfully by many amateurs, 
but one can't predict whether a given silver-mica unit will exhibit 
zero, negative or positive drift with changes in internal temperat- 
ure. I have been successful in obtaining stable VFO operation by 
the "cut-and-try" method. Specifically, it requires trying various 
Silver-mica capacitors, one at a time, then running a VFO drift test 
after each change. It can be tedious experimenting! 


In an ideal VFO we would use an air-wound coil with stiff tubing 
or wire for L1. The coil turns would be unable to move. Unfortunately, 
a coil of that kind would be impractical in a solid-state rig. Modern 
tunable oscillators contain coils that have some form of magnetic 
core, fixed or adjustable. As the ambient temperature changes, there 
Will be shifts in the core permeability. This increases or decreases 
the coil inductance, which leads to drift. No. 6 powdered iron (code 
yellow) seems to be rather stable. It is suggested for slug-tuned 
or toroidal VFO inductors. A coating of Q Dope is recommended to 
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affix the coil turns to the core. It is best to use the largest wire 
gauge practical when winding a VFO inductor. This will aid the coil 
Q and will improve the mechanical stability of the coil. 


All tunable oscillators should be followed by a buffer or buffer- 
amplifier stage. This will help to isolate the oscillator from the 
load, thereby eliminating unwanted "pulling" of the frequency when 
load conditions change. I have found a JFET source-follower to be 
a good buffer. Output from Q2 of Fig. 1-5B can be amplified by means 
of a bipolar-transistor stage or stages to obtain the required LU- 
injection level. 


Regulated dc operating voltage should be applied to the oscillator, 
and it makes good sense to regulate the voltage applied to the follouw- 
ing stage (buffer) to minimize load changes at the oscillator output. 
Further improvements in stability can be realized by placing the 
tunable oscillator and its related amplifiers in a separate shield 
compartment or box. This technique aids in keeping stray RF energy 
from entering the VFO and causing frequency instability. It also 
helps to keep the ambient temperature around the oscillator more 
constant. An acceptable Amateur Radio VFO should not drift more than 
100 Hz after a 10-minute warmup. Normally, the greatest drift, known 
as "short-term drift," takes place the first 5 or 10 minutes after 
operating voltage is applied. This is caused by internal heating 
of the VFO components, brought on by RF current. flowing through them. 


D1 of Fig. 1-5B clips positive peaks of the RF sine wave, thereby 
stabilizing the transconductance of the FET. This tends to limit 
changes in the internal capacitance of the FET, which helps the osc- 
illator stability and reduces harmonic currents. A small-signal diode, 
such as a 1N914, works well at D1. Coupling capacitor C1 should be the 
smallest value possible, consistent with oscillation and ample output 
power from the oscillator. The smaller the value of C1 the lower 
the output power, but the lighter the coupling to the tuned circuit. 
This also helps the stability. 


1.8 A Practical DC Receiver 


If you are anxious to try your hand at building a high-performance 
DG receiver, .you will (be -interested in the, circuit of Fig. 1-62. 
is designed for 4O-meter operation, but the tuned circuits can be 
altered to make it function on 160, 80, 30 or 20 meters. I chose 
the 40-meter band for this project, mainly because that is a good 
all-round band for operation, day or night. 


A diode-ring PD is used for high DR. Therefore, to aid the NF and 
receiver averall gain, we have included an RF amplifier (1). It 
is fixed-tuned by means of trimmers C1 and C2. The response of the 
tuned circuits (11 and 72) is broad enough to cover any 100-kHz part 
of the 40-meter band without a significant gain loss. 
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The PD 4621) is. ay duplication .of \ the seitet stain ile sails etr ee eee 
noise AF preamp (Q2) follows the PD. Next comes the CW filter (Z2), 
which is the same circuit found in Fig. 1-4B. A filter of your choice 
may be used for 21. 


The audio filter is followed by a simple fed-back AF amplifier that 
was popularized some years ago by W7ZOI. It will provide ample audio 
power for hi-Z headphones on signals that are 53 or better. You may 
wish to add a 741 op-amp amplifier after Q4 to aid weak-signal recept- 
ion. An LM386 would be a good choice for use after Q4, if added head- 
phone level is desired, or if you wish to drive a speaker with the 
audio strip of the receiver. 


The VBFO (Q5) uses a JFET in a Colpitts arrangement. The approximate 
tuning range of the VBFO is 7.0 to 7.3 MHz. There is some overlap 
at each end of that range. The output from Q5 is amplified by a Class 
A broadband stage, Q6. A 2N2222A is used at Q7 to increase the VBFO 
output power to +7 dBm, which is required by the diode-ring PD. No 
harmonic filter is used for this oscillator strip: The selectivity 
of T4 is ample for "laundering" the LO signal. Greater waveform purity 
may be had by inserting a half-wave filter (50 ohm, Q = 1) between 
the secondary of T4& and the input of 21. If the distance between 
T4 and Z1 is a few inches or greater, use miniature shielded cable 
(RG-174/U) to route the LO voltage from T4&. This will be the proper 
procedure if the VBFO strip is enclosed in a shield box, as suggested 
earlier in the text. 


If the receiver is to be used also for SSB reception, you may add 
a two-pole, double-throw switch at Z2 for the purpose of inserting 
or removing the audio filter between Q2 and Q3. If this is done, 
a 1-uF blocking capacitor will be needed between the switch and Q2 
to prevent shorting out the collector voltage of Q2. 


Transistor substitutions may be made throughout the circuit of Fig. 
1-6, provided the specifications of the substitute units equal or 
exceed those of the devices indicated. For example, a 2N4416 FET 
can be used for Q5, and a 2N2222 may be employed at Q2 and Q6. 


1.9 THE SUPERHETERODYNE 


It is possible to not exceed the simplicity of the DC-receiver circuit 
of Fig. 1-6 when building a superhet receiver that has only a few 
stages. We can eliminate many of the features found in high-price 
commercial receivers, while still achieving good performance. For 
example, AGC is not needed, nor do we need to have an S meter. There 
is no pressing need for an I-F or RF gain control, and we can do 
rather well with analog rather than digital frequency readout. We 
can pass up the conveniences of I-F shift and passband tuning also. 
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Our objective in QRP receiving is to have a superhet that is freg- 
uency stable, sensitive, adequate in terms of overall gain and select- 
ive enough to reject most of the QRM near the desired frequency of 
interest. These objectives are attainable with modest circuitry, 
just as they are when designing a DC receiver. The major advantages 
of the superhet are single-signal reception (a response on only one 
Side of zero beat) and relative immunity to the common ills of the 
DC receiver (hum and microphonics). Despite the differences in the 
design and performance of the two receiver types, a superhet follows 
the same general design rules. Fig. 1-7 shows the format of a super- 
heterodyne receiver by way of a block diagram. 


ANT 
IF AMP 
Goan) FILTER 
5.0-5.5 MHz 
AF 
AMP 
MAIN 
TUNING A k 
use Y ashe SPKR 
ARROWS INDICATE ES 300-2500 Hz 
SIGNAL PATH 8999 E34 9001 
kHz kHz 
Fig. 1-7 


The bare essentials of a superhet are indicated above. Many frequency 
combinations are possible for the IF and LO portions of a superhet 
receiver. Those indicated are for discussion purposes only. Such 
frills as AGC, frequency synthesis, band switching and an S meter 
are excluded from the block diagram in order to simplify the drawing. 


Typically, the IF filter would have a bandwidth (BW) of approximate- 
ly 2.4 kHz for SSB reception. The CW bandwidth is usually 500 or 
250 Hz. Separate filters are required for each bandwidth. This req- 
uires a switching arrangement for the filters. 


The mixer and/or PD of a superhet may be passive or active, depending 
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upon the design objectives and the overall gain capability of the 
receiver. As is the case with a DC receiver, a superhet needs about 
100 dB of overall gain to ensure ample audio-output power for weak- 
signal reception. The superhet differs significantly from the DO 
receiver in terms of where the gain is acquired: The DC receiver 
depends on a high-gain audio channel, whereas the superhet develops 
most of its gain in the IF section -- typically 40 to 60 dB of IF 
amplification. In planning a design we must take into account the 
losses of RF filters, IF filters and passive mixers. These losses 
must be deducted from the combined gain of the active RF, IF and 
AF stages in order to determine the receiver overall gain. 


1.10 Superhet Complexity 


We are already aware that AGC and other extras may be excluded from 
a superhet circuit without severe penalties to good operation. In 
keeping with this philosophy, we can build a superhet that has no 
RF amplifier. We may also eliminate the IF amplifiers (two are common- 
ly employed). With the loss of gain from the RF and IF amplifiers, 
we will then need to make up the difference in the audio channel, 
as is customary when designing a DO receiver. Although we may choose 
the "bare bones" design concept, good sensitivity and selectivity 
can still be achieved. This will call for a low-noise mixer, an IF 
filter and a low-noise audio-amplifier section. Most of the pocket- 
size AM transistor radios fit the "bare bones" description, but they 
are capable of providing acceptable to good performance. For example, 
a typical pocket radio has no RF stage, only one IF amplifier, and 
a single diode (passive) detector. The audio amplifier normally con- 
tains a transistor preamplifier and a push-pull or complementary- 
symmetry audio-output stage. If we consider the small built-in ferrite 
loop antenna, the performance of the AM pocket receiver is rather 
outstanding, even on the weaker signals. There is no reason why we 
cannot adopt similar techniques of frugality when building a ham- 
band superhet. 


We may, in the interest of saving money and shortening assembly time, 
modify a pocket-size AM broadcast radio for amateur-band use. This 
involves removing the loop antenna and replacing it with a toroidal 
inductor (to reduce pickup of 0.5 to 1.6-MHz signals), adding a BFO, 
and providing for IF selectivity. An outboard ham-band converter 
is then used ahead of the pocket radio. Detailed information about 
this scheme of doing things may be found in "A Semi-Kit Receiver 
for 75/80 Meters," by WIFB, QST for August, 1985. 


The real nitty-gritty of superhet-receiver design, simple and com- 
plex, is given in simple language in ARRL's Solid State Design by 
W7ZOI and W1FB. No QRPer should be without that book. 


Let's look now at a suggested circuit for a simple superhet receiver. 
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1.11 A No-Frills Superhet 


Although the circuit of Fig. 1-8 is designed for 4O-meter use, it 
can be modified easily (by experienced builders) for use on 160, 
80 or 30 meters. Only L1, \l2 and the LO feedback capacitors need 
to be changed. Operation above 30 meters is not recommended because 
an RF amplifier would be required, and the 455-kHz IF (low) would 
Cause unwanted image responses with so simple an input tuned circuit 
(L1-01). 


This circuit represents what I consider the bare necessities for 
a simple superhet. A single series crystal provides IF selectivity 
(¥Y1) that is surprisingly adequate for most CW work. Only one stage 
of IF amplification (Q2) is used, and there is no AGC. Audio preamp- 
lifier Q4 needs to be followed by additional amplifier stages. You 
may use the fed-back audio amplifier (Q3 and Q4) of Fig. 1-6 to obtain 
more than sufficient headphone volume. An LM386 audio IC could also 
be used after Q4 of Fig. 1-8. A 10K-ohm audio-gain control should 
be used between Q4 and the successive audio stages. 


C1 is used as a preselector peaking control (panel mounted). C4 is 
the main tuning control. A vernier drive is needed to ensure smooth 
and easy frequency adjustment. There will be slight oscillator pulling 
when C1 is adjusted, but it presents no problems once the front end 
is peaked for maximum signal response. 


The BFO (Q6) is an LC type to minimize cost. A 455-kHz IF transformer 
serves as the tuned circuit, with the secondary winding connected 
to provide feedback. The slug in 13 is tuned for the desired CW beat 
note, then affixed with a drop of wax to prevent movement from vibrat- 
ion. D3 is used to obtain 9.1 V, regulated. 


You may use other dual-gate MOSFETs in place of Q1 and Q3, such as 
3N211 or 3N212. A dual-gate MOSFET may be used at Q5 by tying the 
gates in parallel and using the circuit shown. The secondary windings 
of 71 and T2 are not used in this circuit. 


A 9-MHz IF may be used with this general scheme. If so, 10.7-MHz 
IF transformers may be substituted for 11, T2 and 13. The addition 
of a small value of external capacitance will bring the transformers 
down to 9 MHz. This circuit serves as a nice basis for experiment- 
ing. Countless refinements and changes are possible. For example, 
you can tailor the circuit for 80-meter operation, then use down- 
converters to provide reception on the higher bands. This would make 
it a simple matter to realize 20, 15, 12 and 10-meter operation. 


L2 should be coated with two layers of polystyrene Q Dope or some 


equivalent high-dielectric cement. This will enhance the mechanical 
stability of the tuned circuit. 
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1.12 A Medium-Grade Superhet 


Excellent selectivity and a highly stable LO are the main features 
of the 20-meter superhet of Fig, 1-9. The UXO permits coverage of 
roughly 30 kHz of the 20-meter band. Switchable crystals can be used 
to cover all of the CW band. 


This circuit is an improved version of the "Bare Bones Superhet," 
WIFB, QST for June, 1982. It also uses some of the better features 
found in the "Mini-Miser's Dream Receiver," W1IFB, QST for Sept. 1976. 
PG boards and parts kits for those two QST receivers are available 
from Circuit Board Specialists, Box 969, Pueblo, CO 81002. 


The heart of the receiver in Fig. 1-9 is FL1, which is a 260-Hz CW 
filter made from low-cost Radio Shack 3.579-MHz color-burst crystals. 
The filter is a ladder type for which the constants were developed 
by W7ZOI. Because of the sharp response of the filter, a very stable 
LO is required -- hence the VXO (Q3). 


You may select your own audio-amplifier channel for headphone or 
speaker operation. The fed-back, two-transistor audio section for 
the DC receiver in this chapter can be added after Q6 if you plan 
to use phones. Alternatively, an LM386 IC may be added after Q6 for 
headphone or speaker use. 


Y1. is a fundamental crystal, 30-pF load capacitance, in an HC-6/U 
holder. Y2 is a Radio Shack color-burst crystal, as in FL1. C5 rubbers 
Y2 to the upper side of the FL1 passband for a peak response of 700 
Hz for CW reception. The overall receiver gain, as shown, is approx- 
imately 65 dB. A O.1-uV signal at the input to Q1 produces a plainly 
audible response at the receiver output. Fig. 1-10 shows the circuit 
roeori lof, Fig. A=9. 
= 3579.5 AU 


10 Y4 Y5 
so | i 
Z = 450 


Fig. 1-10 ALL CAPS ARE 


SILVER MICA 
The final value for C7 should be chosen to provide 4 to 6 V _ pk-pk 
at gate 2 of Q2. This will ensure a good compromise between mixer 
conversion gain and minimum IMD. Do not exceed 6 V pk-pk, as greater 


voltage can damage Q2. T2 and 13 are transformer foundations that 
are available from Amidon Assoc. 


Z = 450 
68 
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There is no reason why the circuit of Fig. 1-9 can't be modified 
for use on bands other than 80 meters. 75- or 80-meter use is 
not practical because of the IF falling in the @80-meter band. 
But, the input tuned circuits can be changed for other frequencies, 
and a VFO can be substituted for the VXO circuit provided. For 
example, you could build the receiver for 40-meter use, then 
provide coverage of 30, 20, 15, 12 and 10 meters by means of out- 
board down-converters. The key components are described below 
in Table 1. 


TABLE 1 
Part No. 
C1, C2, C5, C6 -— Miniature plastic or ceramic trimmer 


C3 -- Mica trimmer. 

C4 -- Miniature air variable, 75 pF, panel mounted. 

C7 =-- See text. Selected value. 

L2 -- Toroidal 6-uH inductor. 367 no. 26 enam. on 
Amidon T50-6 (yellow) core. 

L1 -- Toroidal inductor, 2.6 uH. Use 25T of no. 28 
enam. wire on 150-6 core. 

L3 =-—- Toroidal inductor, 9 uH. Use 13T of no. 24 enam. 
wire on an Amidon FT37-61 ferrite core. 

R1 == Audio-taper carbon control, panel mount. 

RFC -- All are miniature, iron-core types. 

T1 -- Toroidal transformer, 2.6 uH. Use 25T of no. 28 
enam. wire on T50-6 core. Tap 671 above ground. 
Primary consists or 2T of no. 28 wire. 

T2, 13 -- 4.7:1 turns ratio, 6.5 uH. Use 27T of no. 28 
enam. wire on bobbin of Amidon (Micrometals) L57=-2 
xfrm. assembly. Links have 61. 

T4 -- Toroidal transformer, 26 uH. Use 20T of no. 26 
enam. wire on FI50-61 (125 perm.). Sec. has 51. 

U1 -- Motorola RF/IF IC. 

Y1, Y2 -- See text. 


The Amidon powdered-iron toroids are manufactured by Micrometals 
Corp., and the ferrite toroids are made by Fair-Rite Corp. You 
may cross-reference other brands of toroid cores by sending for 
data on the two commercial cores mentioned here. Data on both 
brands of toroid core are available in the W1IFB Prentice-Hall 
book, Ferromagnetic Core Design & Application Handbook, no. O- 
13-314088-1, Englewood Cliffs, NJ 07632 (also available from a 
CA vendor, Amidon Assoc., 120335 Otsego St., N. Hollywood, CA 91607. 
Phone (213) 760-4429. The book is written in plain language and 
deals with toroids, pot cores, rods and sleeves. Many practical 
circuits are included. 


19 


1.13 HF Converters 


Earlier in the chapter we considered the use of converters to 
provide additional band access with our QRP receivers. Proper 
design for high-performance follows the same rules set forth for 
high-performance receivers. That is, if high dynamic range is 
desired, attention must be paid to mixer design and gain distrib- 
ution in the converter. However, for most of our QRP operations 
we can obtain good performance with fairly simple converter des- 
igns. The main consideration is to limit the overall converter 
gain to slightly more than unity. A converter gain of 5 to 10 
dB is adequate. Too much converter gain will cause degradation 
of the main receiver (tunable IF) dynamic range because of high 
Signal levels being applied to the RF amplifier and or mixer of 
the main receiver. 


Elaborate converters can be designed and used, but those are some- 
what beyond the scope of this book. We will consider a simple 
design that you can use as a basis for various frequency schemes. 
Our practical model’ is) designed<Tor va tunable 41 of 37.0 tor7eo 
MHz, since most QRPers have little receivers for the 4O0-meter 
band. The circuit of Fig. 1-11 can be used ahead of a DC or super- 
het receiver. 


1.14 Practical HF-—Band Converter 


A grounded-gate FET is used as the RF amplifier in Fig. 1-11. 
It provides between 10 and 12 dB of gain, and it has a low NF. 
The dual-gate MOSFET mixer (Q2) has a conversion gain of 6 to 
10 dB as configured. A broadband output circuit is used for the 
purpose of simplifying the interface between the mixer and the 
input of the main receiver (T2). Q3 operates as a 3rd-overtone 
oscillator. C2 should not be necessary unless the crystal (Y1) 
is sluggish, in which case only 5 to 10 pF should be required. 


RF AMP MIXER 
C1 100 4 
8 ae 7.0-7.3 MHz 
C3 2 
Om Q1 a Q2 T2 
|[O.01 41 ma <) 10K OUT 
.01 | 2 
ai MPF102 .01 100K oa 
C 100 27 01 od 
100K C6 100 
() +12 V 
100 i 
een Fig. 1-11 
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C1, C3 abd C4 of Fig. 1-11 are 60-pF miniature trimmers. They 
may be mica, ceramic or plastic units. A ball-park value is given 
(27 pF) for C6. The correct value is such that gate 2 of Q2 has 
4-6 V pk-pk of LO injection. You may need to experiment with the 
value of C6 to obtain the proper injection voltace. 


Q1 can be any JFET with VHF ratings, such as the 2N4416 family 
of transistors. A 3N211 or 3N212 can be used at Q2. Any UHF npn 
transistor is suitable for Q3. The fT should be at least 1000 
MHz. 


Y1 can be "netted" to provide accurate readout of the converter 
frequency on the station receiver. If this feature is desired, 
install a 60-pF trimmer in series with the crystal at the grounded 
end of Y1. If this does not move the crystal frequency in the 
desired direction, try using the trimmer in parallel with the 
crystal. If parallel operation causes the oscillator to cease 
operating, you may need to add C2 and/or experiment with the value 
of the feedback capacitor, C5. The input and output impedance 
(Z) of this converter is 50 ohms. This makes it easy to switch 
two or more converters (input, output and +12-V lines) ahead of 
the main receiver for multiband coverage. 


TABLE 2 


Bir od SEG. LeU, uel Shel OI oo. Te | 15) TN. 
28 on 150-2 28 on 150-6 28 on 150-2 26 ona 
toroid. toroid. toroid. Tap ferrite 
8T from gnd. FIT50-43 

PP ips 91). toroid. 

3T sec. 


aceu, 2BT SIRE” Boggy be FY 3.2uH, 28T 

no. 28 on no. 26 on no. 28 on 

T50-6 core. T50-6 core. T50-6 core. 
Tap 7T from 
ond: Pri;3st 


dchutecieT:. (“oc Bur, 4oT:4 Being aa 'L4;, 
no. 26 on no. 24 on tap 4T,Pri, 
T50-6 core. T50-6 core. 2U% 


Y1 <= 17.15 MHz (30M); 21.3 MHz (20M); 28.23 MHz (15M) 
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CHAPTER 2 


THE WORLD OF QRP TRANSMITTERS 


Quality performance is as important to QRP transmitting as it 
is to receiving. Some QRP operators insist upon such circuit sim- 
plicity that transmitter performance is shabby. Some feel that 
the term "QRP" denotes crude, inexpensive circuits that can be 
built solely from junk parts. This is a poor philosophy for any 
amateur who takes pride in his or her equipment and operating 
procedures. This does not imply that a low-cost QRP transmitter 
is incapable of delivering a clean signal. Many one-tube or one- 
transistor oscillators have produced acceptable on-the-air sig- 
nals, but some poorly designed ones have created TVI, chirpy sig- 
nals, hum on the carrier and spurious output frequencies that 
fell in the HF spectrum. 


Pride in the signal quality should be a rule for any ham-radio 
operator, irrespective of the power level. Furthermore, the cleaner 
the QRP signal the more effective we will be in luring other oper- 
ators into a QS0: Some hams will not enter into a QSO with a quy 
or gal that has a cruddy signal. A stigma, deserved or not, is 
attached to an operator with a bum signal. Such people are ref- 
erred to as "lids." 


It should be a matter of practice to never put a new QRP rig on 
the air until we have listened to the signal on a receiver while 
operating the rig into a dummy load. There should be a pure note 
that is free of hum or chirp. Also, we do not want our CU note 
to be clicky on the make or break of the key. Key clicks can cause 
severe interference above and below the operating frequency, even 
when we are using QRP power levels. I have found that a CW note 
which is a bit "hard" on the leading edge of the waveform (but 
not clicky) will give a QRP signal the "presence" it needs to 
break through the noise and QRM, when a soft CW note will fail 
to get through. So, don't make a valiant effort to have a classic 
CW waveform. Too soft a note (like a bell ringing) will not only 
be hard to copy, but it can be impossible to copy at the higher 
CW speeds. 


This chapter is dedicated to design objectives, along with data 
concerning solutions to common problems in QRP transmitters. We 
will emphasize spectral purity by showing simple harmonic filters 
that can be used at the transmitter output. 
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2.1 Starting with the Oscillator 


The crystal oscillator or VFO represent the core of any QRP rig. 
It is in this area of the circuit that the roots of bad signals 
exist. Hum, frequency drift and chirp are generally caused by 
improper oscillator operation. Therefore, let's concentrate on 
oscillators and how they function. We will also look at ways to 
make them function reliably in QRP circuits. 


The basic name of the game in oscillator design is "feedback." 
Too little feedback causes erratic performance and chirp. Too 
much feedback causes crystal overheating (excessive current) and 
drift. It can also cause spurious oscillations, and in the case 
of an overtone oscillator we may find our crystals operating on 
the fundamental, rather than the desired overtone frequency. 


Another common cause of oscillator instability (notably chirp) 
is poor isolation from the succeeding stage or stages of a trans- 
mitter. As the load conditions shift (as when the next stage is 
keyed), oscillator "pulling" occurs, thereby shifting the oper- 
ating frequency. Light coupling to the load, plus proper feedback 
ratios go a long way to minimize this problem. A quality crystal 
is also necessary to ensure stability. Surplus crystals -- espec- 
ially WW-II FT-243 types -- are often sluggish, which causes all 
manner of problems. I find that modern plated crystals in metal 
holders work the best in my circuits. I am not sounding the death 
knell for FI-243 crystals, for some of them work well, especially 
after they have been taken apart and cleaned with hot soap and 
water, then rinsed with clean hot water. The spring-brass contacts 
for the metal plates (and the plates) within the crystal holder 
should also be cleaned if the crystal is sluggish. 


I find also that the proper choice of transistor in the VFO or 
crystal oscillator is important. The objectives are high ac beta 
(gain) and a high upper-frequency rating (fT). Most transistors 
can be made to oscillate at their fT or slightly higher, but they 
will not be reliable or efficient. Therefore, I suggest an fT 
of five or ten times the proposed operating frequency. For example, 
for a 14-MHz oscillator I make sure the transistor fT is 140 MHz 
or higher. 


2.2 Oscillator Power 


In an effort to simplify the circuit of a QRP transmitter, some ham 
operators attempt to extract high power from the oscillator. They 
feel this will reduce the number of stages needed to acquire the 
desired output power. Although this philosophy may be correct, 
excessive oscillator power causes heating that leads to drift 
and potential damage to the crystal. It is better to use the least 
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oscillator power practicable, then build up the output power by 
means of low-cost amplifier stages. Low oscillator dc input power 
ensures the best frequency stability in most cases. 


2.3 Common Crystal Oscillators 


Perhaps there has been no circuit that was named after more people 
than was the crystal or LC oscillator. Such persons as Colpitts, 
Pierce, Franklin, Clapp, Barkhausen, Kurtz and a host of others 
Tose to overnight fame by developing specific oscillator circuits. 
We will concentrate on only those oscillators that are in wide- 
spread use for amateur circuits. Some of these oscillators, along 
with their circuit variations are depicted in Fig. 2-1. 


Fig. 2-1A shows a Pierce oscillator built around a bipolar trans- 
istor, such as a 2N2222A or 2N5179. RFC1 is an RF choke that is 
self-resonant (with stray circuit capacitance) below the chosen 
operating frequency. We may assume roughly 10 pF of stray capacit- 
ance in most circuits. Thus, for operation at 3.5 MHz we will 
choose an RF choke that has 1 mH or greater inductance (XL should 
equal 22,000 ohms or more). C1 and C2 are feedback capacitors. 
The XC of C2 is 455 ohms, which yields 100 pF at 3.5 MHz. C1 has 
a capacitive reactance (XC) of 1500 ohms, approximately. This 
equates to roughly 30 pF at 3.5 MHz. A trimmer is indicated for 
C1 to permit adjusting the feedback for best operating character- 
istics, consistent with the gain of the transistor and the activ- — 
ity of Y1. Later, we may replace the trimmer with a fixed-value 
Capacitor of the optimum value. C3 should be of low capacitance 
to minimize loading of the oscillator by the circuits that follow 
it. Values of 10 to 50 pF are typical at 3.5 MHz (XC = 1000 ohms) 
C1 is adjusted for reliable oscillator starting and minimum chirp 
when the stage is keyed. 


Fig. 2-B show a Colpitts crystal oscillator that operates on the 
fundamental mode of Y1. C1 and C2 are feedback capacitors. The 
values for (1 and C2 should be kept as low as possible, consistent 
with proper oscillation of Y1. These capacitors are frequently 
of identical value, but C1 can be made smaller than C2 in most 
circuits. An XC of roughly 455 ohms represents a reasonable start- 
ing point, which equates to 100 pF at 3.5 MHz. C1 can be selected 
in value for just enough feedback to ensure fast starting of the 
Oscillator. The output power of this oscillator is quite low. 
C3 should be low in value to minimize oscillator pulling (same 
as C3 of Fig. 2-A). 


Fig. 2-C shows a JFET version of the circuit at Fig. 2A. A dual- 
gate MOSFET may be substituted if gates 1. and 2 are tied together 
to form a single-gate MOSFET. FETs may be used in all of the cir-. 
cuits shown in Fig. 2-1. 
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An overtone oscillator is presented in Fig. 2-1D. It operates 
on the 3rd- or 5Sth-overtone of Y1. C2 and 71 form a tuned circuit 
that is resonant at the desired overtone frequency. Oscillator 
output may be taken via C3 (hi-Z) or from the secondary winding 
of T1 (lo-Z). C1 is the feedback capacitor. It is a critical cir- 
cuit element. The approximate XC is 200 ohms, or 33 pF at 24 MHz. 
Warning: Too great a capacitance at C1 will cause an overtone 
crystal to operate on the fundamental mode. Additional feedback 
Capacitance exists within the transistor (base-emitter), so the 
exact value of C1 must be determined in accordance with the trans- 
istor used. Fig. 2-1F shows a JFET overtone oscillator that obtains 
its feedback via Y1 from the output tank. A trimmer capacitor 
may be inserted between Y1 and the transistor drain to control 
the feedback voltage. 


Fig. 2-1E illustrates how a crystal oscillator may be "rubbered" 
to move the frequency slightly above or below the marked freq- 
uency of the crystal. €1, when placed between Y1 and ground will 
Taise the operating frequency. When connected in parallel with 
Y1 (dotted lines) it will lower the frequency. C2 follows the 
same rule as C1 of Fig. 2-1D for overtone operation. For fund- 
amental operation of Y1, C2 should have an XC of 22 or lower, 
such as 1500 pF at 3.5 MHz. R1 may be used with any of the circuits 
in Fig. 2-1 if vhf parasitics are noted. It acts as a damping 
device for such unwanted oscillations. Alternatively, we may use 


a miniature ferrite bead (125 or 850 permeability) at the collect- 
or oF drain of the oscillator to prevent parasitics. 


I have avoided precise scientific design procedures for these 
oscillators. An ideal oscillator is not designed in the foregoing 
manner, but I have generalized (based on practical experience) 
to provide practical starting points for your convenience. For 
example, the bias-resistor values (base and emitter) are ball- 
park ones that will assure oscillation. You may want to exper- 
iment in an effort to optimize oscillator performance and power 
output. In the interest of best oscillator stability we can apply 
regulated operating voltage to the circuits of Fig. 2-1. A Zener- 
diode regulator (9.1V) with a 220-ohm dropping resistor will suff- 
ice, although lower operating voltages may further enhance stab- 
ility. Regulation is especially desirable when using overtone 
oscillators. 


2.4 VXO Use 
Greater swing of the crystal frequency can be had when using a 
VXO that not only contains a series variable capacitor (C1 of 


Fig. 2-1E) but an inductance in series with the crystal. A typical 
VXO circuit is presented on the next page in Fig. 2-2. The higher 
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the crystal frequency the greater the frequency swing. VX0s become 
desirable for portable QRP operation, where VFOs tend to drift 
as a result of frequent changes in ambient temperature (weather- 
Telated). At 20 meters, for example, shifts or 10 kHz or slightly 
greater are possible with the circuit of Fig. 2-2. 


+9V REG. 
g 
vxO 
1NQ14 Ae BROADBAND 

BUFFER 

14.035 5.6K 2N5179 

MHz | 14.035 MHz 
2 T1 , 

n ake 
= OUT TO AMP. 

\ ha, (5° ohms) 


a 


| 


100K 
27 
L1 (15 uH) 0.1 es 
100 : oe 
C3 C1, C2 - silver mica 
75 or NPO ceramic ic) 


MAIN TUNING #12 V 


Fig. 2-2 


The introduction of reactance L1 enhances the frequency shift 
of Y1, which is chosen for the upper end of the desired frequency 
spread. In fact, the crystal will oscillate a kHz or two above 
the marked frequency when C3 is set for minimum capacitance. An 
AT-cut fundamental crystal in an HC-6/U holder has provided the 
greatest frequency swing in my experience. A 30-pF load capacit- 


ance is suggested for Y1 in Fig. 2-2. 


Increased frequency range for Y1 can be obtained by using a greater 
inductance at L1, but eventually the circuit will operate as a 
VFO, and the VX0O stability will be lost. A slug-tuned or toroidal 
coil can be used at L1. In either case the Q of the coil should 
be high (75 or greater). 11 is a broadband transformer. The primary 
uses 15 turns of no. 24 enam. wire on an Amidon FT50-43 (850 ui) 
ferrite toroid. The secondary winding has 5 turns. 


The lower the operating frequency the less the crystal frequency 
swing, with 3 kHz being about typical at 3.5 MHz. 
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2.5 VFO Circuits and Use 


Many QRP applications require greater frequency coverage than 
can be obtained with crystal oscillators or VX0s. The simple alter- 
native is the use of a conventional VFO. Although synthesized 
LOs are in step with the times, they are complex and prone to 
power consumption, which most QRPers would prefer to avoid. There- 
fore, we will confine the discussion to LC types of VFOs. 


Fig. 2-3 shows three popular VFO circuits that are suitable for 
use in QRP equipment. Example A uses a tapped coil (L1) to provide 
feedback for the oscillator. Approximately 25% of the oscillator 
output power is required as feedback. The coil tap is located 
1/4th the total coil turns above the grounded end. C3 should be 
the lowest value possible, consistent with reliable oscillation. 
The lower the value at C3 the better the VFO stability and the 
higher the loaded Q of the tuned circuit. The tradeoff is that 
the smaller the capacitance value at C3 the lower the oscillator 
output power. Output can be taken from the FET source (dashed 
lines), but reduced load-change variations will be experienced 
if the output is taken across the 150-ohm drain resistor via C4. 
The circuit of Fig. 2-3A may be used with MOSFETs or bipolar trans- 
istors also.. 


A standard Colpitts oscillator is presented in Fig. 2-38. An NPO 
or polystyrene capacitor is best suited for use at (1, C3, C4 
and C5. The drift characteristic (temperature) of polystyrene 
Capacitors is opposite that of powdered-iron core material (L1), 
which in some cases tends to reduce long-term VFO drift. However, 
it may be best to use NPO ceramic capacitors, which stay put rather 
well over a wide temperature range. Ubtaining minimum drift in 
an LOG oscillator requires considerable cut-and-try effort, and 
can be a tedious exercise. C4 and C5 of Fig. 2-3B have an XC of 
roughly 45 ohms (1000 pF at 3.5 MHz), and C3 has an XC of 200 
ohms (220 pF at 3.5 MHz). Again, RFC1 should be self-resonant 
somewhat below the VFO operating frequency. 


A series-tuned Colpitts (sometimes called "Clapp") VFO is seen 
at C of Fig. 2-3. The advantage of the series-tuned circuit is 
that greater inductance is required for L1 than is needed for 
the circuit of Fig. 2-3B. This takes on greater importance when 
our VFO is used at 7 MHz and higher, where with the circuit of 
Fig. 2-38 we would have high C and low L. At 7 MHz and above a 
small inductance becomes affected by circuit wiring and PU-board 
foils, which constitute part of the inductor. This lowers the 
Q and also leads to instability from chassis flexing and vibration. 
C1, C2 and C3 become much smaller in value than at Fig. 2-3B, 
owing to the larger inductance of L1. Therefore, we may need only 
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50 pF of total tuned-circuit capacitance for a series-tuned VFO. 
whereas the parallel-tuned VFO might call for 150 pF. A frequency- 
offset circuiG is inciudeds forthe sro watulo ot. Fig. 252.) homey 
be used with the other circuits in Fig. 2-3 if desired. The offset 
feature is vital if the VFO is to be left operating at all times 
in the interest of long-term stability. Offset control is also 
used in transceivers to provide the desired 7O0-Hz shift from 
transmit to receive. In non-transceive applications, if the VFO 
frequency is not offset or shifted during receive, it will Cause 
QRM to the operator on his or her receive frequency. A switching 
diode places C7 in the circuit during receive periods. 


Some form of buffering is needed after the VFO to provide isolation 
from the external load. Fig. 2-3D shows a circuit I have used 
a number of times. Q1 is a source-follower. RFC1 is chosen to 
provide broad resonance at the operating frequency, based on 10 
pF of stray circuit capacitance. We may think of it as a peaking 
coil. Q2 amplifies the signal and provides additional buffering. 
FL1 may be added when we wish to "sanitize" the VFO output energy. 
The simple half-wave harmonic filter (low pass) will greatly atten- 
uate unwanted harmonic currents. It has a loaded Q of 1. Data 
for these filters will be provided later. FL1 is designed for 
50 ohms, input and output impedance. 


Regulated voltage is not only applied to Q1, but the bias network 
of Q2 is also attached to the +9-V regulated line. This helps 
to reduce frequency shifts caused by voltage changes at Q2. Ri 
at the primary of 71 may be used to force a collector impedance 
for Q2. It will also broaden the response of 11 to cause the VFO 
Power output to be more uniform across the tuning range. This 
becomes of special interest below 7 MHz, where tuned-circuit Q 
may lead to a fairly narrow tuned-circuit frequency response. 
However, swamping by way of R1 will also reduce the VFO power 
output, since part of the power is dissipated in the resistor. 


If the stages after a VFO are to be keyed (CW), chirp-causing 
load changes can be reduced greatly by operating the VFO an octave 
below the operating frequency (VFO on 3.5 MHz for 7-MHz transmiss- 
ions). When this is done it becomes necessary to use a frequency 
doubler after the VFO before amplifying the operating-frequency 
Signal. Care must be taken to ensure that the doubler puts out 
maximum pwr. at the desired frequency, and not at 3.5 and 7 MHz 
in this example. A balanced push-push doubler (diode or transistor) 
is well suited to the application (see Solid State Design). 


I can't recommend. too strongly the use of shielding around the 
VFO circuit. Double-sided PC board material works well for homemade 
shield boxes. An enclosed VFO module will be more stable since 
temperature changes will not be pronounced, and stray RF from 
the transmitter will not be apt to get into the VFO to cause errat- 
ic operation. 
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2.6 Practical 40-Meter VFO 


The circuit in Fig. 2-4 is one I have used many times for oper- 
ation on 1.8, 3.5, 5, 7 and 10.1 MHz. It has been reliable, easy 
to build and quite stable. Drift, after a 10-minute warmup at 7 
MHz, should not exceed 100 Hz for any one-hour period, assuming 
a relatively constant ambient temperature. Although this VFO is 
designed for 7-MHz use, the component values can be altered for 
opreration on other frequencies by determining the reactance values 
of the critical elements, then calculating new values for the L 
and C parts. This will provide a close approximation of the values 
needed, but some final "trimming" will be needed to obtain the 
desired tuning range. 


A series-tuned Colpitts oscillator is used at Q1, for the reasons 
Given in section 2.5 of this chapter. Main-tuning capacitor (C3 
will work best, in terms of stability, if it has a bearing at each 
end of the rotor shaft. Select a smooth-running variable if you 
wish to avoid erratic tuning. A vernier-drive mechanism for (C3 
Will aid smooth tuning, and it will enable you to plot a calibration 
chart versus the dial numbers. 


Q2 is a source follower. The gain is 0.9. Therefore, Q3 is needed 
to amplify the VFO signal to a usable level. Q3 operates linearly 
in Class A. This minimizes harmonic generation. Additional suppress- 
ion of harmonic currents is offered by the pi-network tank circuit 
of Q3. It is designed to provide an impedance transformation between 
Q3 and a 50-ohm load. The network has a loaded Q of 4 The 3.9K- 
ohm swamping resistor across L2 is used to broaden the response 
of the tuned circuit. It also prevents Q3 from self-oscillating 
when the load is other than 50 ohms. 


Double-sided PC board is not recommended for this circuit. The 
copper conductor in combination with the PC-board insulating mater- 
ial, forms many small, unwanted capacitors. They are very temper- 
ature-sensitive, which gives rise to VFO drift. Therefore, you 
will fare better when using single-sided PC boards. The board should 
be mounted on the main chassis in a rigid manner. This will mininm- 
ize frequency shifts caused by vibration and flexing of the circuit 
board. 


A short, fairly stiff connecting lead is needed between C3 and 
L1.. The C3 rotor must be grounded not only to the front panel and 
chassis, but also to the ground bus of the VFO PC board. 


L1 should not only be coated with high-quality coil cement, it 
needs to be mounted securely to the PC board. I have found that 
placing a generous dab of clear RIV or silicone sealant between 
the toroidal coil (L1) and the PC board affixes the coil securely. 
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2.7 Poor Ham's QRP Rig 


The budget special of Fig. 2-5 should be within the means of 
any ham's wallet. Additionally, the circuit is simple and easy 
to build. Three "generic" 2N2222A transistors comprise the RF 
part of the circuit. Q1 operates as a crystal oscillator, and 
Q2/Q3 function in parallel as a Class C amplifier. With 2N2222As 
selling between 3/$1 and 5/$1 on the surplus market, a dollar 
will pay for your RF devices while allowing a couple of spares 
to be set aside for future use. 


Y1 operates in the fundamental mode from 80 through 20 meters. 
Qvertone (3rd) crystals must be used for 15, 12 and 10 meters. 
Power output will be slightly lower on the three upper bands 
than from 80 through 20 meters. Also, chirp may be a problem 
on 15, 12 and 10 meters. If so, the oscillator (Q1) should not 
be keyed. Rather, the power amplifier (Q2/Q3) should be keyed. 
This will require a huskier keying transistor (Q4) to handle 
the additional dc current of the PA. A 2N4036 or 2N4037 is sugg- 
ested for Q4. An equivalent PNP transistor may be used in place 
of a 2N4036. 


The keying transistor, Q4, conducts when the key is closed, there- 
by routing de to Q1. When the key is open, Q4 cuts off to stop 
the flow of dc. The RC network in the base leg of Q4& shapes the 
CW characters to prevent clicks. Softer keying will result if 
a larger capacitance is used in place of the O.47-uF capacitor 
indicated. A hand key, bug or electronic keyer can be used with 
Q4. The keyer must be set for positive keying circuits. 


Power, output from the Poor Ham's QRP Rig should be approximately 
1/2 watt from 80 through 20 meters. Greater power output may 
be noted, with up to 1 watt being developed. This will depend 
on the actual gain of the 2N2222As selected, and will be dependent 
also on the crystal activity. C2 can be detuned to reduce the 
power if this occurs, since 1 watt of output can cause excessive 
heating of Q2 and Q3. Heat sinks can be added to the PA transistor 
bodies to permit higher power levels, up to 3/4 watt. A 5.6-ohm 
resistor is used in the emitter lead of each PA transistor to 
prevent one transistor from "hogging" power, if one device has 
more gain than the other. The resistors also place Q2 and Q3 
farther into the Class C region, which improves the efficiency. 


A switch may be added to permit multifrequency operation. Several 
crystals can be used to replace Y1 if this is done. For use from 
80 through 20 meters, you may want to try the VXO arrangement 
of (hig. 2-2) (bland: GS -of- that-Fig.je-Vx0: operation will -not 
be feasible when using overtone crystals. Table 2-1 lists’ the 
parts values for the various bands of operation. 
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C2 -- Mica compression trimmer, 100 pF. 
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11 -- (80M) 52T no. 30 enam. on T50-2, sec. = 10T; (40M) 26T no. 28 on 
T50-2, sec.) = 57 34 OM) 18h ne. Zenon T5U—2, ‘seers '31.')(20M) 119m 
no. 26 on 150-6, sec.,="47; (15M) /437T.no. 22 on T50-6% sec.: ="3T: 
(12M) 11T no. 22 on 150-6, sec. = 27; (10M) 10T no. 22 on T50-6, 
SOG. t= ne ii. 


TABLE 2-1 
80M 4OM 30M 20M 15M 12M 40M 
SY RMR PE 
100 100 100 56 o o o 
|C4 (pF) | 


C4 (pF) | 1000 560 560 270 200 180 150 
25 A5 15, 10 10 ) 8 


RFC1 uH 
‘i 
(mode ) 


fund. fund. fund. fund. 


2.8 QSK 1-Watter for 20 M 


Operation with a single crystal can be too restrictive for other 
than casual QRPing, especially in those bands where QRM is ever- 
present. A VXO provides freedom from being "rockbound" on one 
frequency. Fig. 2-6 shows a 20-M CW QRP transmitter that has 
six preset channels for the Q1 VXO. S1 selects the channels. 
We may substitute variable capacitor C1 for S1 and the related 
Capacitors. This will give continuous frequency coverage over 
a spread of roughly 10 kHz. 


Q2 operates as a class-A buffer. It is keyed along with Q1 by 
means of keying transistor Q4 -- a PNP switch. Q2 is a broadband 
amplifier by virtue of 71. The power amplifier, Q3, is also a 
Class-A broadband amplifier, but the output of Q3 contains a 
5-element low-pass harmonic filter, FL’. 


D1 has been included to protect Q3 from damage when the load 
on the transmitter is other than 50 ohms. A large mismatch can 
Cause excessive peak voltage at the collector of Q3, and this 
can destroy the transistor. Zener-diode D1 clamps the peak posit- 
ive voltage at 36, thereby protecting the transistor. It does 
not conduct during normal operation, since the peak collector- 
voltage is twice the supply voltage, or 24. 


QSK (full break in) operation is possible by the addition of 
D2, D353 and L5. A portion (small) of the transmitter power is 
lost when the two diodes conduct. They act as switches that clip 
the positive and minus RF-voltage peaks, thereby shorting the 
line to the receiver antenna jack via J3. When the key is up, 
the diodes do not conduct, which allows the signal from the ant- 
enna to pass through the 27-pF capacitor and L5, thereby effect- 
ively connecting the antenna to the receiver. L5 has the same 
Teactance as the 27-pF coupling capacitor. This forms a series- 
Tesonant circuit at the operating frequency, which helps to min- 
imize signal loss on receive. The diodes alone would result in 
a signal loss of some 6 to 10 dB. The series circuit shown in 
Fig. 2-6 was borrowed from a QRP transmitter design by W7ZOI. 


Power output from this transmitter will be between 3/4 and 1 
watt. The circuit can be used on other bands by changing the 
feedback capacitors at Q1 (47 pF), the value of L1, and the con- 
stants of FL1, the receiver sampling capacitor and L5. Values 
for FL1 can be taken from the normalized filter tables in the 
transmitting chapter of the ARRL Handbook. L5 and the related 
sampling capacitor have a reactance of 400 ohms. This data will 
enable you to calculate the inductance and capacitance values 
for other frequencies. 


Keyed-waveform shaping is provided by the RC network at the base 


of Q4. Softer keying can be had by increasing the value of the 
0.47-uF input capacitor at J1. 
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As is the case with all RF circuits, the lead lengths for the 
transmitter of Fig. 2-6 should be short and direct to prevent 
self-oscillations and poor efficiency caused by unwanted imped- 
edances in the signal path. If instability should be observed, 
try bridging a resistance across the primary of 11 or T2. Start 
with 4.7K and lower. Use the largest resistance that will stop 
the self-oscillation, since the parallel resistor will consume 
part of the RF power. 


Data for the coils and transformers used in Fig. 2-6 is: L1 - 
42 turns of no. 26 enam. wire on an Amidon T68-2 toroid; L2, 
L4 - 10 turns of no. 24 enam. wire on a T50-6 toroid; 13 - 14 
turns of no. 24 enam. wire on a 750-6 toroid; L5 - 30 turns of 
no. 26 enam. wire on a 1750-2 toroid; RFC1 - 10 turns of no. 24 
enam. wire on an Amidon FIT50-43 ferrite toroid; 71 -— 15 turns 
(pri.) of no. 26 enam. wire on an FT37-43 ferrite toroid. Sec. 
has 5 turns; T2 - 10 turns (pri.) of no. 24 enam. wire on an 
FT50-43 ferrite toroid. Sec. has 7 turns. Y1 should be an AT- 
cut fundamental crystal in an HC-6/U holder, 30 pF load capac- 
itance. Select a crystal that is ground for the highest desired 
operating frequency. As series-connected VXO capacitance is added 
(S1 or (1, Fig. 2-6), the frequency will become lower. Keep all 
stray capacitance in the input (base of Q1, Y1 and 51) section 
of the VXO minimized to allow the maximum frequency swing of 
the crystal. 


A VFO may be used with the transmitter in Fig. 2-6 by converting 
Q1 to a straight class-A amplifier and feeding the VFO signal 
to the base of Q1. Some means of offsetting the VFO frequency 
Will be required for QSK operation (see Fig. 2-30). 


2.9 Boots for the 1-Watter 


We may have an occasion to desire 8 or 10 watts of power output 
for QRP work, but generally a 1-W rig and a good antenna will 
be more fun, and it will be in keeping with the true spirit of 
QRP operation. However, I would be remiss if I did not describe 
some type of "afterburner" for the one-watt transmitter of Fig. 
2-6. Most CB power transistors are ideal for HF-band QRP work. 
But, a number of devices that have been designed for hi-fi audio 
service have fT ratings up to and beyond 50 MHz. A large number 
of these power transistors can provide good performance from 
160 through 20 meters, and the cost per device may be as low 
as 50 cents on the surplus market. If an audio power transistor 
is used, select one that has an fT at least five times higher 
than the intended operating frequency of your transmitter. 


The amplifier in Fig. 2-7 contains two CB transistors by Motorola. 
A power output of & watts is typical, but one can obtain 10 watts 
by increasing the drive. Since the amplifier is broadband, class 
C, only the filter needs to be changed for use on a specific 
band. You may, therefore, tailor it for your needs. 
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FL1 (TABLE 2-3) 
POWER AMPLIFIER 


T2 


MRF475 


L1 L2 L353 ANT. 


co | [c2 (50 ohms) 


4 


TO DRIVER 
(50 ohms) 


6 ea. FT50-45 


MRE475 toroid cores 


Fig. 2-7 


3 Glue cores with 
epoxy cement. 


@ +412 V 
jane x 


71: has “a turns ratio of 2.2:1 for transforming. 50.o0hms ta #10 
ohms. The primary has 12 turns of no. 24 enam. wire on an Amidon 
FT50-43 toroid core (mu = 850). The secondary has 5 turns, center 
tapped. T2 consists of stacked FI50-43 cores (6) arranged as 
shown in the inset drawing. The collector-to-collector impedance 
of Q1 and Q2 is 36 ohms. The T2 primary has one turn (U-shaped) 
of no. 20 insulated wire passed through the rows or cores. The 
center of the loop is tapped to provide the primary center conn- 
ection (no. 2). A 2=-turn winding is looped through the cores 
for the transformer secondary winding. Use no. 22 insulated hookup 
wire. For use from 1.8 to 7.0 MHz, use two primary turns and 
three secondary turns to ensure ample winding inductance. 


RFC1 consists of 10 turns of no. 22 enam. wire on an FT50-43 
toroid core. C1 and C2 are silver-mica capacitors. 11, L2 and 
L3 are 768-2 toroids for 3.5-10.1 MHz. Use T68-6 toroids for 
20 through 10 meters. Values for FL1 can be taken from the filter 
tables in the transmitting chapter of recent ARRL Handbooks. 
Winding data for the toroid cores is available in the Amidon 
catalog. 


Heat sinks must be used at Q1 and Q2 of Fig. 2-7. They can be 
homemade units fashioned from no. 16-gauge aluminum sheet. Each 
sink is U-shaped, measuring 1-1/2 x 1-1/2 x 1-1/2 inches. The 
tabs on Q1 and Q2 are common to the collectors, so you will need 
to insulate the transistors from the sinks, or the sinks from 
circuit ground. Apply silicone grease between surfaces. 
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2.10 Curing Instability 


The most common bug-a-boo encountered by those of us who build 
QRP transmitters is instability. Self-oscillations may occur 
from the audio frequencies through UHF, even though we use care 
in layout and assembly of a new circuit. Some oscillations may 
be so strong in RF power stages that we can heer the transistors 
"Scream!" T'yve actually seen a purple glow through the ceramic 
headers of RF power transistors during strong oscillation periods. 


Fig. 2-8 shows a typical two-stage RF amplifier that we may have 
to deal with. Self-oscillations can often be detected by using 
a dip meter in the absorption mode, then sampling the various 
tuned circuits to look for indications on the meter. Tuning from 
VLF through VHF with receivers will often detect self-oscillation 
that is otherwise not observed. We may find three oscillation 
frequencies in a bad situation -- ULF, VHF and HF, all occurring 
at once! This is because a transistor with a high fT has incred- 
ible gain at some very low frequency, and gain encourages instab- 
ility. The gain of a given transistor doubles with each octave 
lower, at least in theory. This means that VHF and UHF transist- 
ors can become quite unruly at HF and lower. 


Fig. 2-8 shows four ferrite beads (Z1-Z4) that can be added, 
as needed, to suppress or damp VHF and UHF parasitics. Beads 
with a 125 or 850 permeability are generally used. The bead shown 
at Z4 is meant more for killing the Q of RFC1 than it is to damp 
VHF oscillations. It is more likely to prevent self-oscillations 
in the HF range. Alternatively, R2 (1K to 10K, typically) may 
be used to lower the Q of RFC1. 


C1 may be made smaller than normal to reduce the gain of Q1. 
This will reduce the power output accordingly. R3, R4, C2, C3 
and C6 serve as decoupling networks to keep the RF energy from 
One stage away from the other stage, via the +V line. Various 
Capacitor values are shown to ensure effective bypassing from 
MF through UHF. C4, C5 and RFC2 (5-10 uH) form another decoupling 
network for use in stubborn cases of instability. R1 will vary 
in value from 10 to 47 ohms in most cases. It loads the trans- 
former secondary winding to aid stability. The lower the value 
of R1 the lower the driving power to Q2, since the resistor will 
permit power to be dissipated within it. Use the highest resistor 
value that will provide stability. 


All PC-board foils should be short and direct in RF circuits. 
They should also be as wide as practicable. Short, wide foils 
are not as inductive as narrow, longer ones. These parasitic 
inductances form tuned circuits that encourage VHF and UHF osc- 
illations. The pigtails on transistors, resistors and bypass 
capacitors must also be as short as practicable. 
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2.11 MOS Power FETs for RF Amplifiers 


Metal-oxide silicon (MOS) power FETs are abundant today, and 
they offer some distinct advantages over bipolar power transist- 
ors. Power FETs are not subject to thermal runaway, which can 
destroy a transistor almost immediately. Also, the power FET 
can provide higher efficiency than a bipolar transistor in a 
Given class of service. The class-C bipolar device yields between 
50 and 60 percent efficiency in a typical case, whereas the power 
FET has delivered measured efficiencies as great as 90% in narrow- 
band RF amplifier use. I have measured the efficiency of a single- 
ended class-C power amplifier at 85% in a 40-meter tuned amplif- 
ier. Another advantage of the FET amplifier is that the input 
impedance is high -- a megohm or greater -- if it is not dragged 
down by addition of external loading. This high input Z makes 
it easy to drive (low power excitation). Fig. 2-9 shows a simple 
circuit that we will use for discussion purposes. 


RF AMPLIFIER 


50 ohms 


RE INPUT HARMONIC FILTER 


(50 ohms) 


| 
| 


D1 


ba uf 
Z(drain) = Vpp-/2P5 ohms Fig. 2-9 
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First, it is important to understand that most power FETs, irres- 
pective of the application for which they are manufactured, will 
work at HF (3.5-29 MHz), and will often perform well as high 
as 2 meters. This is because in order for the device to qualify 
as a power FET, it must have an internal structure that permits 
fast switching (low drain-source resistance). Some power FETs, 
especially the high-power ones intended for dc switching, have 
high input and output capacitances. This feature makes them diff- 
icult to work with at the higher frequencies. But, most of the 
QRP-level FETs (10 W or less dissipation) are entirely suitable 
for our transmitters below 30 MHz. 


The shortcomings of power FETs are few, but I should mention 
that they are prone to VHF parasitic oscillation. Z1 of Fig. 
2-9 should be used as a matter of design practice to damp such 
oscillations. One or two 850-mu ferrite beads at the gate of 
Q1 will suffice. The gate impedance can be determined by way 
of R1. Its value sets the input Z of the amplifier. Q1 depends 
on pk-pk RF voltage swing from gate to source, so the higher 
the value of R1 the easier it becomes to turn on the FET. However, 
R1 values in excess of, say, 1000 ohms encourage amplifier instab- 
ility. I like to keep the value below 300 ohms in my circuits. 
A 50-ohm resistor at R1 provides a common impedance for most 
exciters to look into. 


The pk-pk voltage at the gate of a power FET should not exceed 
approximately 35 WV. Values beyond that limit will puncture the 
gate insulation and destroy the transistor. If you are in doubt 
about the pk=-pk voltage available from your exciter, add Zener 
diodes D1 and D2 as protective devices. They will limit the posit- 
ive and negative voltage peaks to 15. Addition of the diodes 
Will, however, add shunt capacitance at the gate, and this must 
be taken into account when designing the circuit. 


Power FETs like high drain-source voltage. They are designed 
to be operated from a 24-V supply, or greater. They will produce 
some power at 12 V (roughly 0.25 the power at 28 V), but they 
saturate easily at reduced drain-source voltage, and the eff- 
iciency at lower operating voltages deteriorates. We should try 
to design for a 24-V power supply if we plan to use power FETs. 


Linear operation is excellent with power FETs. Forward (plus) 
bias is applied to the gate. Normally, +1 V to +3 V is required 
to bias a power FET into the class-B or class-AB region. A resist- 
ive divider connected to the drain-supply line will suffice. 


Another advantage of the power FET is that the input and output 
Capacitances do not change with the driving-power level, as they 
do with bipolar transistors. Therefore, designing a feedback 
network for linear amplifiers is simple, and it will provide 
uniform feedback over a wide frequency rance. 
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2.12 Transmitter Design Tips 


There are some subtle design steps that we need to be aware of 
when planning a QRP transmitter. Notable among them is the need 
for us to take a reverse approach to power distribution with 
vacuum tubes: The usual practice for tube circuits is start with 
the oscillator, then select a following stage that can be driven 
sufficiently by the oscillator. Next, we move to the driver and 
hope for enough output power to properly excite the PA tube of 
our choice. The game is played differently with transistors: 
First, we must select a desired output power from the transmitter, 
then choose a transistor that can fulfill that need. Our next 
decision is to pick a driver that can supply the needed drive 
to ensure that the PA delivers its rated output. We must look 
at the specifications for the transistors. The two important 
device characteristics are fT and gain. We are interested in 
the gain (in dB) at our chosen operating frequency. Once the 
gain is known, along with the desired transmitter output power, 
we can determine how much driving power is required. Thus, if 
we desired a 10-W transmitter output power, and if the PA device 
was rated at 10 dB of gain, our required driving power would 
be 1 W (Gain = 10 log P1/P2 dB). The same reasoning will apply 
when planning the stage preceeding the driver, and so on. An 
example of this situation is shown in the block diagram of Fig. 
2-10A. There must be some allowance for power loss in the coupling 
circuits between stages (just as with tubes), so always plan 
to have slightly more driving power than is required at the base 
of the transistor being driven. Keep in mind that transistor 
Gain increases as the operating frequency is lowered, as mentioned 
earlier in this chapter. 


Broadband circuits represent a tradeoff between stage gain and 
bandwidth. That is, a narrow-band amplifier (Fig. 2-10B) will 
have greater gain than an untuned, broadband amplifier (Fig. 
2-100). A QRP transmitter that uses tuned stages throughout, 
requires fewer stages to obtain a specified transmitter output 
power, compared to a broadband transmitter. But, the advantage 
of broadband circuits is that we eliminate complicated switch- 
ing in multiband rigs, and the broadband circuit will have fewer 
parts. Another plus feature for broadband amplifiers is that 
they are less prone to self-oscillation. T1 of Fig. 2-10B and 
GC is designed to provide an impedance match between Q1 and the 
following stage. This ensures max imym power transfer. The collect- 
or impedance is approximately Vcc /2Po, where Z is in ohms, V 
is in volts and P is in watts. Hence, if our output power were 
5 watts and the supply voltage (Vcc) were 12, the impedance of 
the collector would be 144/10 = 14.4 ohms. 


Calculating the base impedance of the following RF amplifier 


is not an easy matter. Most RF power amplifiers present an input 
impedance of less than 10 ohms. The higher the driving power 
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the lower the base impedance -- as low as 1 ohm in some instances. 
Therefore, I assume a 10-ohm base impedance, and wind the trans- 
former accordingly. It then becomes an easy matter to remove 
one secondary turn at a time until I observe maximum outut power 
from the stage being driven. If the power drops as more turns 
are removed, you will be aware that a mismatch (and insufficient 
coupling) has occurred. Remember that the transformer turns ratio 
is the square root of the impedance ratio. For example, if we 
needed to match 4O ohms to 10 ohms, the Z ratio would be 4:1, 
but the voltage or turns ratio would be 2:1, and that determines 
the ratio of turns between the transformer primary and secondary 
windings. 


The toroid core material for HF-band tuned transformers (Fig. 
2-10B) should, for the most part, be powdered iron. The mix or 
Tecipe for the core is chosen for the best Q at the operating 
frequency. I suggest no. 2 (red) cores for use from 1.8 to 10.1 
MHz, and no. 6 core material (yellow) for 14 through 50 MHz. 
The exception is when using toroids for VFO coils: No. 6 material 
is recommended for 160 through 30 meters, since it is a more 
stable mix than is the no. 2 material. 


For use from 1.8 through 30 MHz, I use 850-permeability ferrite 
cores for broadband transformers. Ferrite cores with a permeabil- 
ity of 125 are my choice from 30 through 220 MHz, when designing 
broadband transformers. Lower values of permeability are also 
Suitable for VHF use. The Amidon Assoc. catalog contains good 
information on this subject, as does Ferromagnetic Core Design 
and Applications Handbook (Prentice-Hall, Inc.), by W1FB. 


Transformer Inductance: Broadband transformers must have suffic- 
ient reactance in their windings to perform properly at the lowest 
desired operating frequency. The rule of thumb is that the react- 
ance of the smallest winding must be approximately 4 times or 
greater the impedance of the terminal to which it is connected. 
Thus, if the secondary of 11, Fig. 2-100, looked into a 10-ohm 
load, the winding reactance would be 4O ohms or greater. I use 
the 4X rule. Therefore, if our lowest operating frequency is 
to be 3.5 MHz, the inductance of the 71 secondary would be based 
on Cul) = XL/F (MHZ) x2pl,. or: Lee aiysi5ax, 6.26 =0 1.02. ur. Oar 
next step is to apply the AL factor of the core, which tells 
us how many turns are needed to obtain 1.82 uH. Once the number 
of turns is known, we may then wind the primary of 71 in accord- 
ance with the required turns ratio. 


Using PNP Transistors: A number of low-cost transistors are avail- 
able in the PNP format. These are designed for use with a negative 
collector voltage, which tends to confuse some amateurs when 
they wish to use PNP devices with a positive supply line. Many 
PNP audio power transistors are suitable for RF work, and they 
can be used satisfactorily in a circuit that uses NPN devices. 
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Fig. 2-10D and E contains examples of PNP transistors that are 
used with a +12-V power supply. The circuit at D is an audio 
amplifier. Note that the collector is returned to ground through 
the 4.7K resistor. Operating voltage is applied to the emitter, 
and the smaller of the two base-bias resistors is returned to 
the emitter of Q1. This arrangement permits the mixing of NPN 
and PNP devices in a circuit that has but one power-supply polar- 
ity. If the power supply had a negative output bus, we could 
use NPN transistors by treating them in the same manner as the 
PNP device of Fig. 2-10D. A second example of a PNP amplifier 
and a +12-V supply is shown at E of Fig. 2-10. In this case we 
indicate the use of a PNP transistor in an RF power amplifier. 


2.13 Harmonic Filtering 


Spectral purity is as important at the QRP level as it is when 
using QRO (high power). Harmonic radiation becomes a more signif- 
icant matter with transistors than with vacuum tubes. Not only 
is harmonic energy generated by envelope distortion (as with 
tubes), it is enhanced in the transistor by means of nonlinear 
changes in junction capacitance over the sine-wave cycle. It 
is not uncommon to find the second and third harmonics at the 
collector of a transistor amplifier only 10 dB below the desired 
peak-output power. Therefore, the harmonics from a poorly designed 
QRP transmitter can cause severe TVI, and they may result in 
unlawful signals outside the amateur frequencies. This relates 
to an earlier statement in this book, "QRP does not denote circuit 
simplicity." 


There is no reason why our QRP rigs can't be as clean as commerc- 
ial transmitters that must comply with FCC regulations about 
spectral purity. I strive to have all spurious energy at least 
40 dB below peak output power. This is not hard to achieve. 


Table 2-2 contains data for simple half-wave, low-pass harmonic 
filters. They are designed for a bilateral impedance of 50 ohms, 
with a loaded Q of 1. For QRP transmitters we may use Q.5=-inch 
toroid cores for the inductors (150). No. 2 (750-2) cores are 
suitable up to 10.1 MHz. Yellow cores (750-6) should be used 
from 14 to 30 MHz. The capacitor values listed are according 
to the design equation, and are not all of standard value. You 
may use parallel or series combinations of capacitors to obtain 
the exact values listed. However, the nearest standard value 
will usually provide adequate filter performance. 


Table 2-35 lists component values for a five-element low-pass 
harmonic filter. This circuit offers better harmonic suppression 
than does the simple half-wave filter of Table 2-2. I use this 
one for power levels in excess of 1 watt. 
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TABLE 2-2 


HALF-WAVE FILTER 


50 OHMS 50 OHMS 
L1 L2 
C1 C2 C3 


PART No. 160 80 40 30 20 15 12 10 
C1,C3 (pF) 1273 707 398 289 212 138 117 102 
C2 (pF) 2547 1415 796 579 424 276 235 204 


This filter is designed for a QL. (loaded Q) of 1. XC1, XC3 = 50 ohms, 
XC2 = 25 ohms. XL1, XL2 = 50 ohms. This is a bilateral filter and has 


a characteristic impedance of 50 ohms. 


TABLE 2-3 


5-ELEMENT FILTER 


50 OHMS 50 OHMS 
La eZ eS 


C1,C2 (pF) 1661 925 519 378 277 180 154 134 
L1,L5 (uH) 2.4 1.33 0.75 0.55 0.40 0.26 0.22 0.19 
L2 (uH) 5.0 2.78 1.56 1.14 0.84 0.54 0.46 0.40 


a na a 


This filter is designed for a ripple factor of 0.01, which results 


in an SWR of 1.10 between the amplifier and the antenna. Z = 50 ohms. 
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2.14 Adding Break-in Delay to the QRP Rig 


Few QRP operators want to be bothered with manual switching when 
going from transmit to receive. Full break-in (Q5K) may be your 
preference, and a practical example of how QSK may be added is 
shown in Fig. 2-6. However, you may opt for the kind of break- 
in format used in most HF-band transceivers, which is known as 
break-in delay. The circuit actuates almost instantly when the 
key is closed, but the recovery time is adjustable to provide 
a short or long delay before the receiver comes on during receive. 
Such a circuit is shown in Fig. 2-11. Q1 is a PNP dc switch. 
When the key is closed, Q1 is biased into conduction to place 
forward bias on the base of Q2. This turns on Q2, which in turn 
Causes current to flow through the relay, K1, thereby closing 
the relay contacts. R1 is adjusted to provide the desired delay 
in K1 dropout. R1 and C1 establish the time constant for this 
function. 


D1 through D3 are silicone high-speed switching diodes. D1 clamps 
on spikes that are created when the field in K1 collapses. This 
prevents transients from following the +12-V supply line, where 
they could cause damage to other parts of the circuit. D2 and 
D3 develop a reference voltage that ensures cutoff of Q2 when 
the key is up. Without these diodes the relay may not drop out 
during key-up periods. It depends on the quiescent current of 
the transistor used at Q2, plus the minimum hold-in current of 
the relay you select for K1. I have had good results with 12- 
V relays from Radio Shack. Any 12-V relay with a field-coil res- 
istance of 400 to 1000 ohms should work OK at K1. I have actually 
used 24-V dco relays in this circuit, after loosening the spring 
tension sufficiently to permit them to pull in at 12 V, key down. 
C1 should be a tantalum capacitor for best results. Equivalent 
transistors may be used at Q1 and Q2 if the RCA units specified 
are not available. 


PNP SWITCH 10 RELAY DRIVER 
uF 


2N4036 2N2102 


D1-D5 - 1N914 
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CHAPTER 3 
QRP ACCESSORY GEAR 


There is little difference between the types of accessory equip- 
ment needed for QRP stations and QRO fixed-location gear. The 
major difference is that QRP accessories are smaller and less 
costly to build, such as SWR indicators and Transmatches. We 
will focus in this chapter on the most common of the "extras" 
that relate to QRP operation at home and afield. 


3.1 AC Power Supplies 


We discussed in the receiving chapter a problem with common-mode 
hum when using DC receivers with ac-operated dc power supplies. 
The cures for this problem are fairly simple and inexpensive, 
so it makes sense to design the ac-operated supply to include 
the necessary hum-reduction components. This will have no adverse 
effect on transmitter performance, and will make our power supply 
suitable for any QRP-related task. 


Fig. 3-1 shows a circuit that fits the above description. Note 
the use of O0.01-uF bypass capacitors across the primary of 11. 
The capacitors should be rated at 1000 V to ensure leeway for 
line-voltage transients. C1 through C4 may be 100-V capacitors, 
but 600- or 1000-V units may be used also, if they are on hand. 
These capacitors bridge the diodes to prevent unwanted rectific- 
ation of HF RF currents, but they do not affect the diode perform- 


ance at the 60-Hz line frequency. 


Cl 


+12-V 
REGULATOR 0.1 
(1A) 


S1 Tl 


EARTH GND. 1000 uF 
100v = C4 50 V 


FIG. 3-1 
1N5400 diode 


42 


Although 1-A diodes would be suitable for D1-D4, 3-A units will 
allow some safety factor in the interest of reliability. 11 is 
an 18-V, 2-A Radio Shack transformer (no. 273-1515). This, plus 
the other components specified, will enable the power supply 
to deliver 12 V, regulated, at 1-A maximum load current. A 1- 
A transformer may be used at 71, but it will be marginal in rating 
for de current in excess of roughly 500 mA. 


If you locate a surplus power transformer that is rated at 16 
V, it will work OK in the circuit of Fig. 3-1 without any changes. 
A 24-\) transformer may be used, but I don't recommend this. The 
higher voltage requires greater power dissipation in the requlator 
(U1), which will limit the available power-supply output current. 
The lower the 11 secondary voltage the cooler will be the requlat- 
or IC. A Radio Shack no. 276-1771 IC is used at U1. You may sub- 
stitute a huskier IC at U1 without making circuit changes. This 
will provide some leeway in the power-supply ratings, and will add 
to the safety margin under full-load conditions. 


CH1 of Fig. 3-1 is a bifilar choke that is mounted at the output 
terminals of the power supply, inside the cabinet. It consists 
of a two-wire parallel winding of 20 turns of no. 20 enamel wire 
on an Amidon Assoc. FI-114-43 ferrite toroid core. This choke 
will prevent RF signal energy from migrating to the power supply 
diodes via the 12-V power leads from the rig. The rectifier diodes 
are Radio Shack no. 276-1141 units. 


U1 requires a heat sink to prevent shutdown or damage from excess- 
ive heat under high load current. A homemade sink fashioned from 
no. 16 gauge brass or aluminum is suggested. It may be a U-shaped 
heat sink with a dimension of 1-1/2 x 1-1/2 x 1-1/2 inches or 
larger.It should be insulated from ground, or the tab on U1 can 
be insulated from the heat sink by means of a mica insulator 
for a T0-220 transistor. If the insulator is used, be certain 
to spread a thin layer of silicone heat-transfer compound between 
the mating surfaces of the.sink, regulator and insulator. 


3.2 SOLAR ELECTRIC POWER 


I used bold-face capital letters for this heading, mainly to 
attract your attention to an ideal power source for QRP work. 
Photovoltaic power generation is becoming more popular as increas- 
ed production is bringing down the cost of solar cells. Large 
Solar panels are still expensive, especially those in the 1- 
and 1.5-A class, but low-current units are reasonable in cost, 
and are ideal for the QRP person. 


A solar cell, irrespective of the current rating, generates rough- 


ly 0.5 V at peak, unoccluded sunlight. Power is generated within 
the cell when photons from the sun impinge on the cell surface. 
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Many cells must be connected in series to provide the necessary 
operating voltage for electronic equipment. Typically, there 
are 36 solar cells in series for a 12-V panel. Under no load, 
the solar panel will generate approximately 18 V of dc at peak 
sunlight. Some large solar-power systems contain "floating" reg- 
ulators to Limit “the output voltage to 'a~specific level. The 
floating regulator is one that consumes very little power during 
its operation. 


If the solar-panel power is closely matched to the application 
for which it is used, a regulator is not needed. For example, 
too powerful a panel, when used with a low-capacity battery, 
can overcharge the battery and ruin it. But, even though we do 
not use a regulator with our system, we do need a gating diode 
in the power-output lead from the panel. D1 of Fig. 3-2 serves 
to isolate the solar panel from the buffer (battery) it charges. 
That is, the diode permits the passage of dc from the panel, 
but effectively divorces the battery from the panel during dark 
hours. If the diode were not present, the solar panel would dis- 
charge the battery when charging was not taking place. A Schottky 
diode, rated in excess of the output current of the panel, is 
best suited for the job, since it has a low barrier voltage. 
The diode barrier voltage must be subtracted from the available 
output voltage of the panel. A silicon rectifier diode will cause 
a voltage drop of approximately 0.7, which for practical purposes 
is acceptable for amateur work. 


Although some moderately priced 100-mA solar panels are available 
from such vendors as Edmund Scientific Company, we may prefer 
to build a homemade unit. I purchased a sufficient number of 
surplus rectangular 100-mA cells (surplus) to build a compact 
solar generator for QRP work at the 1-W power-output level. Thin 
wires were soldered carefully to the rear surfaces of the cells 
to place them in series with one another. Photovoltaic cells 
are actually thin silicon junction diodes, so moisture and excess- 
ive heat can ruin them. Use a 25-W soldering iron, and don't 
allow the tip of the iron to linger! 


I affixed the cells to a piece of stiff, white cardboard by means 
of foam pads that have adhesive material on both sides. They 
were purchased at a variety store. The completed panel was then 
installed in an 8 x 10-inch picture frame which had a glass, 
rather than plastic, front plate. A tube of automotive windshield 
sealant was used to waterproof the seams where the frame and 
the glass met. An aluminum L-bracket was screwed to the bottom 
of the picture frame. This provided a mounting plate that enabled 
me to attach the solar panel to a small camera tripod. This scheme 
makes it easy to tilt and rotate the panel toward the sun as 
it moves across the horizon. D1 of Fig. 3-2 was located on the 
Tear outer surface of the picture frame. 
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I obtained the small solar cells from Poly-Paks in Lynn, MA, 
but individual cells have been offered in the Edmund Scientific 
Catalog also. My homemade solar panel was used to keep a bank 
of AA-size NiCd cells charged (12-V at 400 mA). I used the battery 
pack to operate an HW-8 QRP transceiver. You may be wondering 
what happens when the sun is obscured by clouds. Well, the solar 
panel will still deliver small charging currents, which effective- 
ly makes it a trickle charger. If flourescent lighting is used 
nearby, you may charge the battery pack (slowly) by locating 
the panel directly under the light fixture. The safe way to deal 
with the rainy-weather problem is to carry two NiCd packs. One 
can be trickle charging while the other unit is in use. 


Solar-electric power is almost made to order for QRP operators. It 
falls into place with the general "ecology" of low-power operat- 
ion. What could be more convenient a power source for campers, 
boaters and those who do back=packing? I use a 600-mA solar panel 
in my 14-foot power boat to keep the 12-V battery charged, and 
this is essential when I am on wilderness lakes for several days 
at a time. I also use the solar panel to charge the batteries 
in my White's 6000-D metal detector when I am camping. 


SOLAR-ELECTRIC PANEL 


+18 V 
D1 


36 ea. 0.5-V cells 


Fig. 3-2 


3.3 A 12.5-V NiCd Battery Pack 


Although we may use a wet-cell battery to power our QRP gear, 
such as a 12-V motorcycle battery, the NiCd pack seems to enjoy 
greater popularity for portable use. At least there is no danger- 
ous acid to spill from a NiCd battery! Some hams use 6-V dry 
batteries (two in series) that are used with lantern-type flash- 
lights. The shortcoming is that they are expensive, and they 
can't be recharged. My preference is for battery packs made from 
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10 NiCd cells, size AA or C. The AA-size cells can be found on 
the surplus market (new units) for as little as $1 at times. These 
cells (10 each) can be connected in series to provide 12.5 V 
at 400 mA. The size-C and size-D cells cost more, but will provide 
a greater mA/hour rating. 


I use a 50-mA charging rate when bringing these NiCd packs up 
from depletion, even though faster charging can be realized by 
boosting the charging current. The higher charging rates will 
shorten the battery life, so it's better to be patient and do 
the charging at 50 mA. 


Care should be taken to prevent complete discharge of a NiCd 
cell. When this happens, some cells will reverse in polarity, 
which makes them unusable. Shorted cells can be "zapped" back 
to service on occasion by applying momentary high current to 
the plus and minus terminals. I use my variable dc bench supply 
for this purpose. I set the current control for 1 A, and adjust 
the output voltage level to approximately five times the battery 
or: (cell ‘voltages For’ ‘a, “standart cell (125.7) sae Zap as 
with 5 V at 1 A by quickly touching the power-supply leads to 
thevends of ‘the cell. After, two)'or) three zaps, many’ cells wilt 
Tecover, and they can be recharged. Zapped cells may short out 
later, but many additional hours of use may be possible before 
they can no longer be jolted back to a normal state. 


Gell-Cell batteries are also suitable for QRP work. They may 
be recharged in a similar manner to NiCd cells. They are somewhat 
the same in price class as NiCd battery packs. 


Battery Capacity: This matter can be explained best by a quotation 
taken from the 1984 edition of the ARRL Handbook, page 10-4: 


The common rating of battery capacity in ampere hours, 
is a product of current drain and time. The symbol "C" 
is commonly used; C/10, for example, would be the current 
available for 10 hours continuously. The value of C 
Changes with the discharge rate, and might be 110 at 
2 amperes, but only 80 at 20 amperes. 


Therefore, if our 12.5-V, 400-mA/hr NiCd pack were used, it would 
be depleted after one hour if 400 mA were permitted to flow during 
that period. For intermittent transmitting (CW) at, say, 100 
mA key down, the battery would last considerably longer than 
one hour, respective to its charge. However, the receiver current 
drain must be cranked into the equation as part of the long-term 
current drain. The CW duty cycle depends, of course, on the speed 
used when forming the Morse characters. Because of these consider- 
ations it is not a casual matter to calculate the battery charge 
life for a given QRP transmitter. 


A circuit for a NiCd charger is provided in the ARRL Handbook. 
Radio Shack parts are used for the unit. 
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3.4 Antenna-Matching Devices 


Most solid-state transmitters are designed to look into a 50- 
ohm load. It is necessary, therefore, that we provide a correct 
50-ohm load for the transmitter. This can be done by means of 
a Transmatch (sometimes called an "antenna tuner"). The term 
"Transmatch" stands for transmitter match, which means the trans- 
mitter is matched to the feed line. If the network were located 
between the antenna feed point and the transmission line, then 
it would be correct to call it an antenna tuner. 


Some Transmatches contain tapped coils. This poses a severe limit- 
ation under certain load conditions. That is, the coarse induct- 
ance choice leaves gaps in the inductance resolution, and a 1:1 
match can't be achieved at all times. A variable inductor yields 
a complete set of LC ratios for matching, and it is the best 
scheme to adopt when possible. Unfortunately, commercial roller 
inductors are bulky and expensive -- not suited to QRP work. 
Therefore, we need to fabricate our own variable inductors from 
available materials. 


An example of a low-cost QRP Transmatch is given in Fig. 3-3. 
The circuit is for a modified L network. Depending on load cond- 
itions, the connections to J1 and J2 may be reversed to obtain 
an SWR of 1:1. The heart of the network is L1, a homemade 5-uH 
variable inductor. The pictorial drawing shows how this assembly 
can be made. A ferrite rod with a permeability of 125 is pushed 
into and pulled out of a fixed-value 1.5-uH coil, L1. The induct- 
ance range will be approximately 1.5 to 5 uH. This coil is in 
the circuit at all times, irrespective of the settings of S51 
and S2. When S1 is closed, L2 is in parallel with L1 and L3. 
This reduces the effective inductance of L1 to permit easy match- 
ing at 15, 12 and 10 meters. S2 should be set at the MIN L posit- 
ion when S1 is closed. With S2 in the Max L position, and with 
51 open, the Transmatch is set up for 60-meter use. S2 is adjusted 
to the other tap positions for operation on 40, 30 and 20 meters. 
In each case, L1 is the adjustable element for inductance. (C1 
and C2 are miniature, single-section transistor-radio tuning 
Capacitors. You may substitute 150-pF variable capacitors if 
you wish. A large, surplus slug-tuned coil form may be used for 
L1 if the core material is suitable for HF use. 


A T-network Transmatch is shown in Fig. 3-4. It uses the same 
group of components as the circuit of Fig. 3-3. The series and 
parallel inductors, plus the switches, serve the same purposes 
as they do in the modified L network. The T network has a good 
matching range, and need not be reversed under certain load cond- 
ions, as does the L network. Ferrite rods may be obtained from 
Amidon Assoc. You may also use a rod from a BU-band loop antenna. 
These transistor-radio loops are often available as surplus. 


47 


ANT. 


Equivalent 
Circuit 


MODIFIED L NETWORK 


pike? poce C1, C2 - See text. 
L1 en, 5-uH, 10 T no. 
20 enam. on 3/8 
or 1/2-inchstorm: 
1/4" ferrite Insulator 24 enam. wire on a 
rod (125 mu) L Bracket T50-6 toroid. 
L3 -=: 124 UHs 4 One Onener 
28 enam. wire on 
Fig. 15-5 a 1768-2 toroid. 
Tap at. 15 Ts trom 
each end. 
C2 
J1 365 J2 
XMTR (0} LO) ANT. 
Cl 
365 T NETWORK 
C) S1 
Li Min.© 
Coils and ae 
capacitors 
E teaibes L5 Equivalent 
same as for Cee ee 
Figwro-25 Min. L 
S 
L2 @ $2 
: S 
@ 
O 
Max. L 


3.5 SWR Indicators 


A Transmatch is rather useless without an SWR-indicating instrum- 
ent. Most commercial SWR or RF-power meters are not sensitive 
enough for QRP work, so once again we must build a unit for our 
low-power transmitters. Even though there are some commercial 
units that have a low-power scale (Daiwa CN-720 for one), the 
physical size is ludicrous for QRP stations! But, homemade SUR 
indicators are inexpensive, and they can be made very compact. 


Fig. 3-5 contains the circuit for a sensitive SWR bridge. This 
circuit is a spinoff of the excellent design introduced some 
years ago by Walter Bruene (pronounced "brine") of Collins Radio. 
It has a full-scale sensitivity of less than 1 watt, and is suit- 
able for use from 1.8 to 29 MHz. 11 normally has a single lead 
passed through the center of the toroid core, and at QRO levels 
this equivalent of one turn provides ample RF-current sampling. 
Our circuit requires a 2-turn link as the primary, which increases 
the bridge sensitivity sufficiently for QRP work. Current in 
the secondary winding of 11 is rectified by D1 and D2 to provide 
a dc voltage that deflects the needle of M1. 


R1 is the sensitivity control for the bridge. Power is applied 
to the load through the bridge with 51 in the FWD position. RY’ 
is set for a full-scale reading at M1. S1 is then switched to 
the REF position and the Transmatch is adjusted for a zero reading 
on the meter. This corresponds to an SUR of 1. 


C1 and C2 are used to balance the bridge after it is built. A 
50-ohm resistive load is connected first to J2, C1 is adjusted 
for zero indication on M1 with S1 set for REF. After this is 
done, the load is attached at J1, and C2 is adjusted for zero 
Teflected power. No further adjustment is required. M1 should be 
a microammeter for best low-power sensitivity. A 50-uA instrument 
would be better than the 100-uA meter specified, if you are will- 
ing to accept the higher cost of the more sensitive unit. But, 
many low-cost edgewise surplus hi-fi meters are OK for QRP SWR 
meters. Most have a full-scale sensitivity of 200 uA. 


Fig. 3-6 shows a resistive bridge with superb low-power response. 
This circuit was popularized by the late George Grammer, W1DF. 


This bridge, and the one in Fig. 3-5, require symmetrical layout 
and short leads for best results. Power is applied with S1 in 
the CAL position. R1 is adjusted for full-scale indication at 
M1. Next, S1 is set for SWR, and the Transmatch is adjusted for 
qa zero indication at M1. Finally, S1 is set’-for“OPR, which takes 
it out of the circuit. The 47- and 51-ohm resistors need to be 
noninductive, and must have twice the wattage of the RF power 
applied to the bridge. I use 2-W carbon-composition resistors 
for power levels up to 3 W. Momentary tests are OK at the 5-W 
level. 
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3.6 100-kHz Marker 


Most homemade QRP receiving equipment does not provide accurate 
frequency readout, owing to the use of analog dials. Therefore, 
it is almost essential to have a secondary frequency standard 
for keeping track of the band edges. This is especially import- 
ant when operating a ham station outside the USA, where some 
foreign governments require a secondary standard when issuing 
an amateur license. Fig. 3-7 shows a 100-kHz oscillator that 
can be carried as an accessory unit for use with any receiver. 


Q1 and Q2 operate as a multivibrator with the 100-kHz crystal 
in the feedback path. Trimmer C1 is adjusted to make the oscill- 
ator zero beat with WWU. Output from the marker oscillator is 
routed to the receiver antenna jack. The 27-pF coupling capacitor 
can be made lower in value, provided the markers are loud enough 
to be heard plainly on the various HF bands. 


100-kHz MARKER 


Ci - 60-pF trimmer. 
C2 - 100-pF NPO or 
silver mica. 


10K 


Fig. 3-7 


3.7 Ladder Type Power Attenuator 


If you're interested in the challenge of "miles per watt" when 
operating at QRP levels, you need a step attenuator that can 
be inserted in the 50-ohm feed line from your transmitter. If 
the attenuator is. designed to provide 3-dB steps, it is an easy 
matter to calculate the incremental power reduction. For example, 
if the transmitter full-power output is 1 W, then a 3-dB step 
will reduce the power to your antenna by 0.5 W. Another 3-dB 
step will decrease the effective output power to 0.25 W, and 
so on. Philosophically, at least, this concept is in keeping 
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with the FCC ruling that we use only the power necessary to 
maintain communications. 


Fig. 3-8 shows a ladder type of attenuator that may be used for 
RF power levels up to 1.5 W, intermittent CW. The resistors are 
2-W, carbon-composition units. Do not use wire-wound or other 
inductive resistors. 


In the interest of keeping the resistor leads as short as poss- 
ible, mount the resistors directly on the switch tabs. This will 
require a large rotary, wafer switch. Many of these are avail- 
able at low cost from surplus-equipment vendors. 


A more conventional step attenuator (one that uses separate slide 
or toggle switches for each step) may be used in place of the 
unit shown below. The isolation between the ends of the atten- 
uator will be better (improved accuracy) if that type of const- 
Tuction is followed. It permits placing each attenuator section 
in a shield compartment of its own. The ARRL Handbook contains 
details for that kind of attenuator. 


If you can't locate 2-W resistors, you may use parallel combin- 
ations of 1/2- or 1-W resistors to obtain the 18 and 300-ohm 
resistance values indicated in Fig. 3-8. Also, should you prefer 
steps other than 3 dB each, you may change the resistor values 
accordingly. The ARRL Electronics Data Book provides design info 
and tables of values for pi and T resistive attenuators. 


This aspect of QRP operation (distance versus power) is a primary 
theme with such QRPers as W/7ZOI, and is in the fundamental spirit 
of our specialty pastime. If you have not faced this exciting 
challenge, now may be the time! 
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3.8 RIT for QRP Transceivers 


It is almost mandatory that we include an RIT (receiver increment- 
al tuning) circuit to a transceiver. Few transceivers have the 
same frequency offset between the transmit and receive modes, 
which makes an RIT circuit necessary for tuning the other stat- 
ion's signal for the desired beat or pitch. 


Transceivers that contain DC receivers are especially in need 
of an RIT control, since there may be no offset between transmit 
and receive, owing to the VBFO/VFO being on the same frequency 
for both transmit and receive. Without offset of some type, we 
would find the the other station's signal at zero beat in our 
receiver, and hence no CW note to copy! 


Fig. 3-9 illustrates schematically an excellent RIT circuit dev- 
eloped by Roy Lewallen, W7EL, for use in his high-performance 
4O-meter QRP transceiver (QST for August, 1980). I urge you to 
read the original article in the interest of learning how to 
obtain high performance in a very small package. 


The VFO portion of the circuit in Fig. 3-9 is very stable because 
of the light coupling between the tuned circuit and Q1. Zero 
temperature coefficient capacitors are used in the frequency- 
critical part of the VFO, and this further aids the stability. 
W7EL tells in his QST article about how he treats or conditions 
his toroidal VFO coils for best stability. Two coatings of poly- 
styrene Q Dope, as discussed earlier in this book, can be used 
to hold the turns of L1 in place. The two-stage broadband buffer 
reduces VFO pulling when the transmitter part of the transceiver 
is keyed. 


Q4 is a de switch that conducts when the key is closed. During 
key closure, Q4 disables the RIT to ensure that the transmitter 
is on the desired frequency. When the key is up, R1 can be adjust- 
ed to move the VFO frequency above or below the transmit freq- 
uency during the receive period. D2 functions as a tuning diode 
when R1 is adjusted. 


The general concept illustrated in Fig. 3-9 can be applied to 
other operating frequencies by modifying the critical constants. 
I have presented this circuit to serve mainly as a quidepost 
for those of you who enjoy building your own equipment. 


ASy Se crue OT anv Vel gt 1S ties ta place the jcircuit’ inuits 
own shielded box to prevent fast changes in ambient temperature, 
and to prevent unwanted RF energy from entering the VFU circuit 
and causing erratic operation during transmit periods. 
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3.9 Adding a Sidetone Generator 


Not \all keyers contain a sidetone oscillator for monitoring our 
CW sending. We may include a sidetone circuit in a transmitter 
or transceiver for monitoring in headphones or speakers. Many 
Simple circuits are available, with the simplest one consisting 
of a unijunction transistor in a sawtooth oscillator. Twin-T 
transistor oscillators are sometimes used, but the purest tone 
comes from the phase-shift oscillator. 


Another good circuit is the free-running multivibrator. A pract- 
ical example of this circuit is shown in Fig. 3-10. Cross-coupled 
2N3904s form a sidetone oscillator with more than ample output 
for most receiver audio channels. A series-connected 100K trimmer 
potentiometer is used between the oscillator and the input of 
the receiver audio amplifier. It permits setting the sidetone 
level for comfortable listening. 


The oscillator frequency can be changed by altering the value 
of the feedback capacitors (0.01-uF units shown). The +12-V supply 
to the circuit of Fig. 3-10 is keyed by the control circuit (PNP 
switch) in the QRP transmitter. An example of this arrangement 
is given in Chapter 4, where a 4O-meter transceiver is described. 


SIDETONE OSCILLATOR 


2N3904 
0.1 100K TONE 
OUT 


SIDETONE LEVEL 


(+12 V 
KEYED 


Fig. 3-10 
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3.10 Measuring RF Power 


As we acknowledged earlier in this volume, RF wattmeters for 
the QRP level are scarce and bulky on the commercial market. 
Accurate measurements can be made with simple home-built test 
gear, such as the circuit depicted in Fig. 3-11. 


Four 200-ohm, 2-W, 5% carbon-composition resistors are connect- 
ed in parallel to form a 50-ohm, 8-W load. You may run a maximum 
of 5 W into this load continuously. Momentary key-down tests 
from 5 to 10 watts are possible without damage to the load resist- 
ors. If the resistors are immersed in a small metal can that 
has been filled with mineral oil, you may run 10 W into the load, 
continuously. The resistors should be mounted adjacent to each 
other, and the pigtails must be short and direct. This will min- 
imize unwanted stray inductance, which can spoil the 50-ohm char- 
acteristic of the load, especially at the high end of the HF 
range. A good construction method is to sandwich the resistors 
between two PC-board end plates, then solder the resistor leads 
to the copper foils of the end plates. 


An RF probe (see measurements chapter of the ARRL Handbook) is 
easy to build. It can be used with any VIVM or FET equivalent 
to provide RMS voltage readings across the dummy load. Alternat- 
ively, you may connect a 30-MHz (or higher) scope to the load 
test point in Fig. 3-11. This will give you pk-pk (peak-to-peak) 
RF voltage readings that can be converted to RMS values for power 
calculations. 


Determine what your desired full-scale wattage reading will be 
(as indicated at M1), then apply that amount of power to the 
dummy load and adjust trimmer control R1 for a full-scale meter 
Teading. Next, reduce the transmitter power in 1-W increments 
and note the readings on M1. From this data you may chart the 
power scale for the meter readings. You may eliminate the detector 
and related circuitry if you do not desire to have a direct- 
Treading RF wattmeter. 


Ji 50-OHM DUMMY LOAD RF PROBE 
OR 


2 
P(watts) = E(rms) /R(ohms) Fig. 3-11 


V(rms) = 0.35555 X pk-pk V 


CHAPTER & 


QRP TRANSCEIVING 


Transceivers simplify QRP operating, and they are more compact 
than are "separates" (receiver and transmitter). However, we 
Can combine a receiver with a transmitter in one cabinet to pro- 
vide a "trans-receiver." The choice must depend on operating 
preferences and whether or not we want to become involved with 
designing and building a complex transceiver. The use of "separ- 
ates" greatly simplifies the T-R switching technique, and it 
eliminates the need for a frequency-offset or RIT circuit. There 
is substantially more operating freedom when using a separate 
transmitter and receiver. One may listen many kHz away from the 
committed transmitting frequency, which is not possible with 
a transceiver that contains an RIT control. Fig. 4-1 shows a 
Simplified block diagram of a direct-conversion transceiver. 


RECEIVER SECTION 


AUDIO FILTER SPKR 
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, KEY © 
TRANSMITTER 
MAIN 
TUNING ARROWS INDICATE 


DIRECTION OF SIG, 


@ 
alee AND VOLTAGE PATH. 
ANT. 


+12V KEYED 


TR CIRCUIT Fig. 4-1 
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The VBFO operates on the same frequency for both transmit and 
receive, such as 3.5 to 3.8 MHz. The diagram does not show a 
frequency-offset circuit for shifting the transmitter 700 Hz 
below the receive frequency, but one needs to be included. Also, 
the T-R switching for the +12-V feed to the receiver section 
is not indicated. 


The T-R circuit of Fig. 4-1 may be a solid-state QSK type, manual 
switching system, or a break-in delay scheme such as that of 
Fig. 2-11. 


If we were to subscribe to the trans-receiver philosophy, it 
would still be necessary to include some type of T-R switching 
circuit for transferring the antenna and muting the receiver 
during transmit. But, the (l-Ricirenst woulay net,’ in thiss.case; 
be required to actuate the frequency-offset circuit, as would 
be the situation with a transceiver. 


Another advantage in using separate units is that we may replace 
a transmitter or receiver section with a different one at any 
time, without disturbing the remaining module. This is an ideal 
arrangement for those of you who like to experiment. 


4.1 A Practical 4O-Meter DC Transceiver 


Fig. 4-2 provides a circuit for a 40-meter mainframe that consists 
of various modules which form a direct-conversion transceiver. The 
sections shown in block form (Z1, Z2 and 23) are described in 
schematic-diagram form elsewhere in this book. 


Starting with the receiver, we have a singly balanced product 
detector that uses an RCA CA3028A differential-amplifier IC. 
This chip is suitable for frequencies up to 120 MHz. It has fairly 
good A-M rejection, and provides conversion gain. It is followed 
by a low-noise AF preamplifier, Q1. FL1 is a two-section RCO active 
audio filter, peaked at 700 Hz. The popular two-stage W7ZOI audio 
amplifier (Q2, Q3) provides headphone output. 


Manual T-R switching (51) is indicated for the purpose of sim- 
plicity. The break-in delay module of Fig. 2-11 may be substituted 
for 51, with its actuating line: connected® to J35 of Fig. 4-2, 


A three-stage, 1-W transmitter (Q4, Q5, Q6) is indicted. D2 is 
a Zener diode that clamps on dc and RF voltage peaks in excess 
of 36. This protects the 2N3866 in the event of a severe output 
mismatch, or should strong self-oscillation occur. 


Maximum current drain (key down) is approximately 200 mA. The 
ac power supply of Fig. 3-1 will work nicely with this circuit. 


55 


06¢ 


GO 


Hn 


VIS OL 


0 
og] 


(Ol-¢ °65T4 89S) zz ae 1°0 
*S90 JNOLSGIS 


998ENZ WZZZZNZ 
f 
£9 
ozeL”” o6¢ ‘be 
L°O ZO AS s 


90 
vi 
(=) Y3SAING 
OOL 


L Hn 1 


eld 


ML/A9S iw op -O 


6¢ 


) 


NI ANOLIGIS . a Re ir ad 
J 73 
ng in 7 


HOLIAMS dNd 


XL id 


(6-¢ 
*BI4 90s) 


OAA JNAL 


GL°L-O°L 


; 0OL 
AA BE Ss 
NIV9 4v 4n zz | 
4OL . OOL 
OLv 10°O OL 
+ 
1070 401 429 patie S 
Ly Ww in 
vezocvo 
aa 
AS 
<0 L i 
Gu y ¢ 
yO6SNZ ae vO6ENZ ZL ooh Gl 
Wz°z 4" ZZ (v-1°6T4 eas) 10°0 10°0 ( 
* ZH OOL *dWV4ud AV 4¥019313G LONGOYd 


‘Ke) WL’ 
OCOUNZ 


NIV 


LO 


AI 


cf 


ce )A CLt 


If you have difficulty locating a CA3028A chip, you may use an 
RCA CA3046 transistor-array IC. A Motorola MC3346P may also be 
used. By adopting the CA3046 receiver circuit in QST for August 
1985, p. 23, Fig. 4, you can eliminate the CA3028A and Q1 of 
Fig. 4-2. A PC board or parts kit for the module is available 
from A&A Engineering (see QST footnote). 


Parts Information 


C1, C2 -- 100-pF mica or ceramic trimmer. 

C3, C4, C5 -- Silver mica or polystyrene. 

D1, D2 -- Zener diode, 1 watt. 

L1, L2 -- 14 turns of no. 24 enam. wire on Amidon T50-2 toroid. 


R1 -- Audio-taper, carbon-composition, panel=-mount control. 
S1 -- SPDT toggle or wafer switch. 
T1 -- 5.6-uH primary 33 turns of no. 28 enam. wire on Amidon 


T50-2 toroid core. Tap at 3 turns above ground end. Second- 
ary winding has 10 turns of no. 28 enam. wire. 


T2 -- Miniature audio transformer, 10,000-ohm center-tapped pri- 
ary, 2000-ohm secondary (CT not used). 

T3 -- Broadband transformer. 15 primary turns of no. 28 enam. 
wire on Amidon FI37-43 ferrite toroid. Secondary has 7 turns. 

T4 -- Same as 71, except no primary tap. Secondary has 5 turns. 

Z1, 22, Z3 -- See circuit diagrams in chapters 1 and 3. 


4.2 The Gutless Wonder Trans—Receiver 


Earlier in the chapter we acknowledged the trans-receiver concept. 
It is therefore appropriate to include an example of such a 

"Critter" in this part of the volume. Fig. 4-3 represents a degree 
of simplicity that can be acceptable for all but the most string- 
ent of operating needs. I have dubbed the trans-receiver the 
"Gutless Wonder" because so few parts are involved. 


Although the circuit is designed for S0-meter use, it can serve 
as the basis for a similar unit that you may wish to structure 
for use on 160, 40 or 30 meters. QSK operation is featured in 
the circuit of Fig. 4-3, and transmitter output power is between 
3/4 and 1 watt. 


Receiver: The antenna is routed to the product detector without 
RF amplification. An acceptable noise figure can be expected 
without a preamplifier if the receiver is used below 30 meters. 
I recommend a low-noise preamplifier at 20 meters and above. 
The product detector is followed by a low-noise audio amplifier 
(Q2). There is no audio filter included in the receiver. Therefore, 
selectivity for CW work will not be on par with that for the 
Circuit of Fig. 4-2. You may add Z2 of Fig. 4-2 if you wish to 
include a selective circuit. It may be inserted between R1 and 
U1, the audio output stage. This IC boosts the AF energy to head- 
phone level (8-ohm phones). A speaker may be used for copying 
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loud signals. 


Side-tone monitoring consists of listening to the transmitter 
Signal. Q3 functions somewhat like a squelch circuit in an FM 
receiver. When the key is closed (J3), Q3 acts as a switch to 
bridge C2 between the AF line and ground. This lowers the audio 
level in the headphones. The value of C2 should be chosen for 
a Sidetone audio level that suits your personal needs. The larger 
the C2 value the lower the audio-output level during transmit. 


C1 is a miniature transistor-radio tuning capacitor. It is adjust- 
ed for maximum signal response at the receive frequency. You 
may substitute a trimmer capacitor for the panel-mounted variable 
Capacitor, then peak the signal response for the center of any 
narrow frequency range in the 80-meter band. 


The VBFQ, Q4, has no buffer stage to provide isolation. Therefore, 
there will be some interaction between the local-oscillator freq- 
uency and the adjustment of C1. If you don't object to adding 
some low-cost circuit elements, you may add a 2N3904 or 2N2222 
as a VBFG: buffer. Injection’ toy gate 2 of Qt, in either event, 
should be between 4 and 6 volts pk-pk. 


Transmitter: A two-stage transmitter is represented. by Q5 and 
Q6 of Fig. 4-3. C7 is the feedback capacitor. If you have diff- 
iculty making your crystal oscillate, experiment with the value 
of C7 until fast oscillator starting takes place. Values between 
100 and 1000 pF are typical for S80-meter operation. 


T2 is a narrow-band, tuned transformer. It provides an approx- 
imate impedance match between Q5 and Q6. Output from Q6 is filter- 
by a 5-element low-pass network. D4 acts as a protective clamping 
diode to limit positive collector-voltage peaks to 36. This pre- 
vents damage to the 2N3866 if a mismatch occurs. You may use 
other transistors at Q6, such as the MPS-U02, 2N2102 and a host 
of other devices that have similar dc ratings. The fT should 
be at least 10 times the operating frequency. 


D2 and D3 limit the signal level to the receiver during transmit, 
thereby protecting Q1. The O.1-uF bypass capacitor at J3 may 
be increased in value for the purpose of shaping the CW note. 


A VFO may be used ahead of Q5 by removing the crystal (Y1) and 
installing a O.1-uF capacitor at C7. The VFO should deliver bet- 
ween 2 and 3 volts RMS to the base of Q5 [Z(base) approx. equal 
to 500 ohms]. If a VFO is used, it will have to be muted or shift- 
ed in frequency during receive periods. 


Since the Gutless Wonder represents a suitable mainframe for 


later experimenting, you will probably think of many refinements 
that aren't mentioned here. 
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Parts List for Fig. 4-3 


C1 -- Miniature 365-pF receiving variable. 
C2 --See text. 
C5 -=- Miniature 75-pF air variable. 
C6 -- 100-pF mica or ceramic trimmer. 
D1 -- 9.1-V, 400-mwW Zener. 
D4 -- 36-V, 1-W Zener. 
L1 -- 7-uH inductor. 38 turns of no. 26 enam. wire on an Amidon 
168-6 toroid core (yellow). 
L2, L3 == 1.77-uH inductor. 19 turns of no. 24 enam. wire on 
an Amidon 150-2 toroid core (red). 
R1 -- Audio-taper, carbon-composition, panel-mount control. 
RFC1 <= Miniature 22-uH RF choke. 
RFG2 =-- 15 turns of no. 26 enam. wire on Amidon FT=-37-43 toroid. 
T1 -- 44 turns of no. 28 enam. wire on Amidon T68-2 toroid core. 
Link has 6 turns of no. 24 enam. wire. Secondary winding is 
12 UH. 
T2 -- 14-uH primary. 50 turns of no. 30 enam. wire on Amidon 
T68-2 toroid. Secondary has 10 turns of no. 26 enam. wire. 
Y1 -=- Fundamental crystal, 30-pF load capacitance. 


4.3 Chapter Summary 


There are countless published circuits that cover the transceiver 
and trans-receiver motifs. Many of these circuits may be found 
in the material referenced ifi the final chapter of this book. 
Your enthusiasm and ingenuity will make it possible to modify 
the circuits shown here for other bands of operation. A recommend- 
ed procedure is to first build the circuit as shown in this book, 
get each stage to percolate properly, then modify one stage at 
a time (and test it) for a different operating frequency. This 
form of experimenting has long been a way of life for us radio 
amateurs. 


Your silent partner for circuit design and application is the 
ARRL HANDBOOK. You will find the League's book, Solid State Design 
for the Radio Amateur another valuable reference for this type 
of work. 
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CHAPTER 5 


THE QRP WORKSHOP 


We may ask, "Why might a QRP workshop be different than any other 
Amateur Radio shop?" Perhaps the proper answer is, "QRP gear 
is smaller than QRO equipment." Therefore, large benches and heavy 
tools aren't required." But, there is more to be considered: 
Owing to the nature of QRP apparatus, the end product is usually 
lightweight and compact. This means that we may use a variety 
of low-cost cabinets and boxes for housing our circuits. The 
final product may look very "commercial," or we may settle for 
a completed assembly that has what some call a "hammy" appear- 
ance. My QRP friend and colleague, W/7ZO0I, refers to the latter 
technique as "ugly construction." There is an advantage to ugly 
construction: One can not only save money in the process, but 
will enjoy the advantage of fast assembly. This makes it possible 
to test and evaluate a new circuit quickly, and if circuit changes 
should be necessary (and they usually are!), we need not be con- 
cerned about messing up a "wholesome" looking module or chassis. 


5.1 PC Boards 


tte is not dif ficult: toy lay outvand -etch:.our~ oun -Po beards. same 
amateurs shy away from this part of home-style fabrication in 
order to avoid the mess that they think accompanies the use of 
etching solutions. Others feel that it is beyond their ability 
to lay out a PC pattern. Neither of these reasons is valid. If 
you can write your name, you should be able to lay out a PC patt- 
ern. 


1 start, by” drawing’; the carcuit. Next... collect. the parts j1o0z 
the circuit. Step three calls for sketching the PC layout with 
a pencil onQuadrille paper (laid out with blue squares). This 
type of paper helps to ensure straight lines during the artwork 
exercise. I like to start at the beginning of a circuit, such 
as the crystal oscillator, first audio stage, etc., then work 
my way to the output port of the circuit. In my case, this calls 
for. commencing the layout at the left side of the paper. 


I try to predetermine the size of the PC board before drawing 
the circuit pattern. The boundries for the board are inked in 
to serve as fences or boundries that I must stay within. The 
PG pattern is then draun as viewed from the etched-foil side 
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side of the board. This calls for being aware of the mirror-image 
syndrome; using care to avoid incorrect pin connections for trans- 
istors and ICs. You must always keep in mind that such components 
are being viewed from their bottom sides. 


The next step is the laying out of one stage at a time. The proper 
Spacing between PC-board holes can be determined by laying the 
Significant component on the grid paper to learn where the mount- 
ing holes should be. Draw a circle for each of those points. 
The connecting lines between the circles may be drawn to a line 
width of approximately 1/8 inch (mm = 25.4 x inches). 


Try to provide, early on, some lines that will serve as the +V 
and ground conductors, the full length of the PC board. This 
will make it easier to route the various circuit branches to 
the common power-supply feed lines. Most of my PC boards have 
a continuous copper border (about 1/4-inch wide) around the outer 
edges of the board. This serves as a ground bus to which circuit 
grounds may be run during layout. 


Upon completing the rough pattern sketch, double check the pattern 
against the diagram to ensure that you have no errors, and that 
you have provided a place for each component. It is helpful to 
assign a part number (C1, R1, 11, etc.) to each circuit element. 
As you draw the pattern, mark the sketch to show where the parts 
belong. I use a red, green, blue and black pen for this purpose. 
That way if some parts-ID lines must cross, the various ink colors 
indicate exactly where the part belongs. Check all part numbers 
on the diagram against those on the pencil sketch. This will 
Teveal whether or not you have left anything out. 


The next task is to cut a piece of PC board to the size of your 
scale sketch. Clean the copper with steel wool. Next, place a 
piece of carbon paper over the PC-board copper. Tape it in place 
for a tight fit. Now, lay your sketch on the carbon paper, making 
sure the borders are aligned with those of the PC board, then 
tape the pattern in place. Use a ball-point pen to trace the 
pattern onto the copper foil, via the carbon-paper transfer. 
Remove the pattern and carbon paper. You may now use an artist's 
brush to apply etch-resist paint, or enamel household paint, 
to the pattern that is to be retained. Alternatively, you may 
use PC-layout donut pads and line tape to provide etch-resist 
protection for the copper elements. Press them firmly in place. 


If paint is used as etch-resist, allow ample time for it to become 
dry. The etching solution may be ferric chloride or amonium per- 
sulphate. The ferric chloride is my preference, but it can leave 
stains the color of grasshopper spittle. Always use plastic gloves 
when handling etching chemicals, and never breathe the fumes. 
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Try to maintain the etching solution at 90 to 100 degrees F during 
the etching operation. Cold chemicals will result in poor etching 
over a long period. The warm solution should provide complete rem- 
oval of the unwanted copper within 20 minutes, depending upon 
the thickness of the copper. 


The PC board being etched should lie face down in the solution, 
and it should be agitated frequently during the process. This 
will wash away the copper residue to allow the etchant to reach 
the copper. The completed board should be rinsed thoroughly in 
clear, warm water, then dried with a paper towel. 


The etch-resist paint may now be removed by rubbing it with a 
coarse grade of steel wool. If layout pads and tapes were used, 
they must now be removed from the PC board with a thin knife 
blade or hobby knife. 


You may now drill the component holes in the board. Use a no. 
59 or 60 drill bit for standard pigtail diameters. Some parts 
will require a slightly larger hole size, such as 1-W resistors, 
crystal sockets, trimmers, etc. 


A little practice with the foregoing procedure will enable you 
to make your own one-shot PC boards with confidence. It is great 
fun to lay out a PC pattern -- much like working a puzzle. The 
finished product need not look like a work of art. It will work 
just fine, even if you think it is an ugly duckling! 


5-2 Other Circuit Boards 


We may avoid the etching exercise by using perforated circuit 
board (perfboard), which has no copper foil. Insert-type flea 
clips may be installed on the perf board for use as component 
tie points. You may use bus wire to join the appropriate flea 
clips. 


Fig. 5-10 and D show alternative methods for making a circuit 
board. Illustration C shows how we may take a piece of copper- 
Clad circuit board and cut square, isolated pads in the copper. 
A hacksay is used for this purpose. A Moto Tool with a fine router 
bit may also be used to form isolated pads. 


Fig. 5-1D shows how we may cut rectangular or square pads from 
a piece of circuit board, then glue them to a foundation of our 
choice, such as Formica, metal or another piece of circuit board. 
Hot-melt glue will get the job done quickly, or you can use 5- 
minute epoxy cement to affix the pads. The related pads may be 
joined with bus wire. Terminal strips, seen at the right in Fig. 
5-1D, may be substituted for the isolated pads by soldering them 
to a piece of copper-clad circuit board. 
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5.3 Chassis and Enclosures 


We need not pay the high price for boxes and cabinets when build- 
ing QRP gear. Many ordinary household items can be utilized for 
our projects. Take for example the illustration of a homemade 
enclosure in Fig. 5-1A. Here we have an ordinary metal food can 
that has been converted to an equipment cabinet. A panel end 
plate has been cut from aluminum stock (such as a cookie tin). 
The circular panel may be cut by means of a saber saw or nibbling 
tool. A U-shaped chassis is formed from aluminum stock, then 
bolted to the front panel as shown. The lip at the rear of the 
chassis is used, by means of no. 6 sheet-metal screws, to secure 
the chassis to the rear end of the can. Side brackets can be 
formed, as shown, to keep the assembly upright during use. The 
brackets may be attached by sheet-metal screws or no. 4O screws 
and nuts. If sheet steel, such as furnace ducting, is used for 
the panel and side brackets, you may solder the brackets to the 
can, rather than using screws. Wood-grain contact paper or paint 
can be applied to the can and brackets to impart a professional 
look to the finished product. The appearance of the front panel 
can be enhanced also by. gluing a circular piece of Formica to 
the metal panel. 


Fig. 5-1B shows a method for using a flat sardine can as a chassis 
base. L-shaped metal brackets are attached on the ends of the 
Can near the open end. A PC board may now be cut to match the 
size of the opening, then you, may attach it to the brackets by 
way of sheet-metal screws. The various jacks and controls can 
be mounted on the side walls of the can. A stroll through your 
favorite food store will reveal all manner of containers that 
are suitable for ham-radio projects. Don't overlook the many 
foundation units that are available in the cookware department 
of a variety store. Small, metal filing boxes (such as for recipe 
Cards) make ideal cabinets. Another container that offers many 
possibilities for QRP equipment is the Band Aid box. The lid 
may serve as a foot to elevate the equipment when it is in use. 
A rubber band strung over the box (long way) will keep the cover 
in place when it is used as a bail or foot. 


Panel lettering can take the form of Dymo tape labels, press- 
on decals, or letters typed on colored paper, then glued to the 
panel. Ugly-look lettering may be applied by means of a laundry- 
marking pen with a fine point. 


5.4 Working with Toroids 
It is best to think of coils wound on toroids as inductors that 
contain a magnetic core, as is true of slug-tuned coils, filter 


chokes, transformers and loop antennas with ferrite rods as cores. 
The effect of the:core material is to increase the inductance 
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of the coil, which means that fewer turns will be needed than 
when using an air-wound coil of equivalent inductance. One ad- 
vantage of using suitable core material is that the winding 
Tesistance will be lower, owing to the use of larger wire dia- 
meters and fewer turns. This raises the Q of the coil over that 
of an air-wound coil with many turns of small wire. 


Use the Proper Core Material: Ferrite and powdered-iron toroid 
cores are designed for specific operating frequencies. The Amidon 
Associates catalog lists the various cores versus recommended 
Operating frequencies. The higher the core permeability, the 
lower the recommended operating frequency, respective to Q. 
Therefore, if you pick the wrong core for a job, the coil Q 
may be so low that the circuit will not perform properly. For 
this reason you should avoid buying bargain cores that bear 
no identification as to what the core recipe is. The same is 
true when buying surplus slug-tuned coil forms. 


Ferrite cores have greater permeability, for a given size, than 
do powdered-iron cores. But, ferrite cores saturate more readily, 
for a given size (cross-sectional area) than is characteristic 
of powdered-iron cores. Saturation causes the generation of 
harmonic currents, causes core heating and possible permanent 
damage to the core, if it is a ferrite unit. Powdered-iron cores, 
on the other hand, will recover from overheating. 


The flux-density rating of core material indicates how much 
power a core can accommodate before saturation commences. The 
formula is based on the cross-sectional area, the number of 
turns and the peak voltage in the winding. Data on these calcul- 
ations is provided in equation form in the ARRL Handbook and 
my Prentice-Hall book, Ferromagnetic Core Design & Application 
Handbook. Both publications show an assortment of circuits for 
broadband transformers with various impedance-transformation 
Tatios. 


Generally speaking, powdered-iron cores are preferred for MF 
and HF amateur circuits. I use the no. 2 cores for frequencies 
up to 10.1 MHz. These are red-coded cores. The same color is 
used to identify the slugs in coils. Yellow cores (no. 6 mater- 
ial) are used from 10.1 through 50 MHz in my work. Various VHF 
cores are available for use above 50 MHz. This discussion is 
based on narrow-band applications, where the inductor or trans- 
former is tuned to a specific operating frequency. 


I use ferrite cores for narrow-band work at the lower end of 
the HF range. There is a frequent need for inductances of, say, 
20 uH, which would require many turns of small wire if a powder- 
ed-iron core were used. The high permeability of ferrite results 
in a workable number of turns with larger wire. I use no. 61 
material up to 10.1 MHz (125 permeability). From 10.1 to 30 
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MHz, I use no. 63 ferrite (permeability = 40). I do not employ 
ferrite materials above 30 MHz, except for broadband-transformer 
applications. 


Ferrite cores are best for audio applications because of their 
high permeability. My choice below 1 MHz is no. 72 mix, which 
has a permeability of 2000. A 75 mix may also be used if greater 
permeability is required (5000 ui). 


Toroidal inductors are self-shielding. This means that we do 
not need to enclose a tuned circuit in an electrical shield 
can in order to isolate one circuit from another. It does, how- 
ever, create a problem: It is next to impossible to use a dip 
meter for learning the resonant frequency of a toroid and capac- 
itor combination. The solution is to wind a temporary one- or 
two-turn link through the toroid, then connect it to a similar 
external link. The dip-meter probe coil may then be inserted 
in the external link to obtain a reading. 


Broadband Transformers: There are two types of broadband trans- 
former. One is known as a conventional transformer. The windings 
are arranged in the same manner as power transformers and RF 
transformers. The remaining type is known as a transmission- 
line transformer. It provides specific integers of impedance 
transformation, such as 1:1, 4:1, 9:1 and 16:1. Multifilar wind- 
ings (two or more wires wound on the core at the same time) 
are used, and the phasing of the windings must be kept in mind 
when connecting the transformer to a circuit. 


At the low end of the transformer operating range, the core 
increases the winding inductance. As the operating frequency 
is raised, the core effectively vanishes as a circuit element. 
Eventually, at the upper end of the operating range, it is as 
though only the winding remains. This accounts for the broadband 
characteristic of the component. Broadband transformers may 
be wound on ferrite rods, toroids or pot cores. The same is 
true of narrow-band transformers and inductors. Each core is 
rated for a specific AL factor, depending on the size and core 
material. The AL factor relates to the amount of inductance 
for a given number of turns. Knowledge of the AL permits us 
to calculate the number of turns needed for a specified induct- 
ance. The formula is 100 times the square root of the desired 
inductance, divided by the AL factor. Thus, if we needed 5 uH 
of inductance, and the core AL was 55, the number of turns would 
be 30. The Amidon catalog has a chart that tells the maximum 
number of turns versus wire gauge for various core diameters. 


Circuit performance is the same whether a toroid, slug-tuned 
or air-wound coil is used in a tuned circuit. That* is, there 
is no real difference between a fixed capacitor and slug-tuned 
coil than when using a toroidal coil and variable capacitor. 
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CHAPTER 6 


QRP OPERATING 


The QRP operating technique differs considerably from the procedure 
we may follow when using high power (QRO). In some QRO circles it 
is commonplace to stomp over the competition and hope to come out 
on top of the pile. We can equate this brutal form of operating 
to the child's game known as "King of the Mountain." The irony is 
that FCC regulations clearly state that the amateur shall use only 
the amount of power necessary to maintain communications. This 
precludes running a kW or more to talk across town! The QRPer, on 
the other hand, must rely on operating skill, timing and patience 
to get the same job done at the low-power level. We automatically 
become better operators because of the way we must operate in order 
to succeed in the crowded ham bands. 


Some Simple Rules: (1) Don't expect answers when you call a very 
weak station. Chances are that he is running QRO, and by way of 
Teciprocity your signal will be much weaker than his. He may not 
hear your signal at all! Try to answer stations that are Q5 and 
moderately loud. (2) Choose a clear frequency when calling "CQ." 
Spend some time listening on and near the frequency before "putting 
the fire to the wire." (3) Call CQ properly. Avoid long strings 
of "CQ" before giving your call sign. The other station is more 
interested in learning your call sign than listening to endless 
CQing. For example, "CQ CQ CQ de KA1BUQ, CQ CQ CQ de KA1BUQ, KA1BUQ 
K." (4) Use an effective antenna that is resonant and high above 
ground whenever possible. Avoid random-length wires and antennas 
that are low to the ground. Match the feed impedance to the trans- 
mission line (2:1 SWR or better). This will keep power losses at 
a minimum. (5) Keep your CW signal chirpless and free of hum. Do 
not use heavy "weighting" if you employ an electronic keyer. Too 
much weighting makes CW hard to copy, especially at the higher baud 
rates. 


How Far Can I Work with QRP? DXCC is entirely possible with less 
than 5 watts of output power on CW. Under ideal conditions (bolster- 
ed by a good antenna) you should be able to work nearly everything 
you hear on 4O meters and higher. For example, I worked 42 countries 
in a 3-month period on 4O meters while running 1.5 W of RF power 
output into a full-wave loop antenna 35 feet high. As 8P6EU, VP2MFU, 
VP2VUGT, ZF1ST, W1IFB/VP2A and WIFB/KP2 I worked the world with rigs 
that provided 1.5 to 8 watts of output power. The antennas were 
sloping dipoles near the seashore. I generated many massive pileups 
and received numerous RST 599 reports. 
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6.1 Some Thoughts from QRP Societies 


Although the ARRL is not a QRP society, it does embrace the QRP 
concept. The following words were written for use in this book. 


97 26705 (D) dn te PO anabeun Stations: shall use 
the minimum amount of transmitter power nec- 
essary to carry out the desired communicat- 
ion. 


How often is this adhered to? Granted, there are times when QRO 
meets the above criterion. But more often, QRO results in wasting 
many kilowatt-hours of energy. In contrast, the QRP movement has 
been at the vanguard of meeting the above FCC directive. 


The American Radio Relay League's operating program to promote 
ORP operation is best exemplified by the largest operating activity 


in the world -- namely, Field Day. This emergency field exercise 
has encouraged QRP operation for some 50 years. Today, if you want 
to "win," the scoring advantage gained from QRP operation overcomes 


the greater number of contacts made with QRO. For several years 
the ARRL International DX Contest has recognized QRP with a separate 
category, complete with certificates and plaques. And the prestig- 
ious Worked All States (WAS) certificate has long recognized QRP 
with a special endorsement sticker. In all such QRP operating ach- 
ievements, the universally accepted definition of 10 watts input 
(or 5 watts measured output) is used. 


The League also recognized that it is neither the sole nor necess- 
arily the best agent for advocacy of specialty interests. In the 
promotion of QRP, the activities of QORP International are both 
well recognized and admired. 


The future continues to bring us new technology. As we stand on 
the brink of a revolution in the use of digital techniques, radio 
amateurs may for the very first time truly be able to meet the 
letter of regulation 97.67 (b). The widespread use of "go-no-go" 
techniques, such as AMTOR, will permit the lowest threshold of 
power to effect communication. Thus, the cause of QRP may be enhanc- 
ed beyond all imagination. It's exciting to speculate that ORP 
may prove to be the road into the future of Amateur Radio commun- 
ications. 


A sincere "73" to all who carry the ORP torch into the 21st Century. 
John Lindholm, wW1XX 
ARRL Membership Communications Services 


225 Main Street 
Newington, CT 06111 (203) 666-1541 
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If you aren't an ARRL member, please consider joining the Leaque. 
Your support of the official voice of Amateur Radio will strengthen 
the Leaque's ability to protect our amateur frequencies through 
action in Washington, DC. The ARRL carries the battle flag in other 
areas of concern to radio amateurs, such as zoning-ordinance prob- 
lems, emergency communications, etc. As a member you will receive 
QST each month, which frequently contains QRP circuits. 


Some Words from QRP International: 


Six words express the philosophy of this organization: Power is 
no substitute for skill. 


Guided by that motto and the dedication of its members, QORP Amateur 
Radio Club International, Inc. has become the largest organization 
of low-power enthusiasts worldwide. Its members subscribe to the 
idea of running the least power necessary for effective communicat- 
ions. They can enjoy the hobby while lessening the impact on our 
already-crowded amateur bands. This overcrowding is often complicat- 
ed by too many stations using too much power. 


QORP ARCI was founded in 1961 by Harry Blomquist, K6JSS. It has 
no minimum or maximum power level to ensure that its members remain 
in good standing. But the club endorses and requires that its mem- 
bers follow the internationally recognized QRP power output levels 
Of 5 watts (CW) and 10 watts (PEP SSB) for all of its contests, 
awards and other operating events. 


In addition to these QRP levels, the club gives recognition to 
ORPp power input level of 5 watts or less (CW). It is one watt or 
less output for milliwatt (mW) operation. Not all organizations 
agree with the latter definition. 


ORP ARCI sponsors a full compliment of regional and national nets 
on a weekly basis. A net roster appears in each issue of the club 
bulletin, The QRP Quarterly, giving days of the week, times and 
frequencies, as well as the call signs of control stations. Nets 
are informal roundtables, open to all stations, regardless of affil- 
iation or transmitter power. Check-ins count toward special cert- 
ificates. These are part of the club's wide-ranging awards pro- 
gram, which is open to all low-power enthusiasts. 


ORP ARCI offers traditional types of awards. They are similar to 
those given by the ARRL (WAS, WAC, DXCC, etc.). It has a basic cer- 
tificate for working 25 fellow club members, with endorsements 
for 50, 100 and upward. 


QORP Quarterly is available for a free exchange of ideas about all 
aspects of QRP. Emphasis is on homemade gear. Full details about 
the club are available if you send an s.a.s.e. with postage for 
two ounces (or IRCs). 
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ORP ARCI is dedicated to promoting and protecting the interests 
of QRP operators. 


Vyr7 3; 

Fred Bonavita, W5QJM 
ORP ARCI 
PaOuUrrOxnT2OUsa 
Capitol Station 
Austin, TX 78/11, USA 


I would be remiss in my obligations to you if I did not include 
some words from our overseas QRP organization, the G QRP Club. 
Here are some comments offered for use in this book: 


Dear Fellow QORPers: 


I am happy and proud to write a letter to be included in the book 
on QRP by Doug, W1FB. For many years QRPers in the UK have had 
a high regard for Doug's work. Solid State Design for the Radio 
Amateur, of which he is a joint author, has become the standard 
work for all of us. 


In the UK, OQORP interests are closely linked with the building of 
one's own equipment. Most G-QRPers run stations which are complete- 
ly or partly built by themselves. In Europe, QRP stations may be 
found on CW, around 3560, °'7030,,..142;0607> 217060 "and 28,060 KHZ ..\ (The 
increase in interest in this facet of our hobby has been truly 
amazing. When I formed the G-QRP Club in 1974 I thought that our 
membership might just extend from the original 30 people to about 
100. At the beginning of 1981 we enrolled our 1,000th member, and 
at the start of 1983 we were approaching 2,000. 


We exist to promote the interest and growth in low power (5 watts 
or less) communication, and encourage the building and operation 
of one's own equipment. Our chief vehicle is a quarterly journal, 
SPRAT, which contains QRP views and news, and always features at 
least 2/3, practical circuits: Iifsyou"are interested in our, work, 
write to me and I will send you a sample of SPRAT and information 
about our club. 


On behalf of the G QRPers, may I wish you pleasure on the bands, 
and success in your constructional projects. 


Hpe CU.QRP. and 73, 

Revd. George Dobbs, G3RJV 

17 Aspen Drive 

Chelmsley Wood, Birmingham, B37 7QX 
UNITED KINGDOM 
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As the author of this book I wish to express my gratitude to John 


Lindholm, Fred Bonavita and Revd. 


George Dobbs for sending their 


thoughts and philosophies about QRP. This book would not be complete 
without their letters. I encourage each of you to consider becoming 
a member of the three societies represented by the foregoing QRP 
operators. The three official journals contain the kinds of infor- 
mation you will need to stay abreast of our QRP pastime. 


The following is a current list of QRP operating frequencies pro- 
vided to me in October of 1985 by Fred Bonavita, W5QJM: 


Cw 


4810 kHz 
3560 kHz 
7040 kHz* 


10,106 
14,060 
21,060 
24,900 
28,060 
50,060 


KHZ 
KHz 
kHz 
kHz" 
kHz 


kHz 


S5B 

? 
3985 kHz 
7285 kHz 

0 

14,285 kHz 
21,385 kHz 
24,950 kHz 
28,885 kHz 
50,885 kHz 


NOVICE 


0 
3710 kHz 
7110 kHz 

0 

0 

0 

0 
28,110 kHz 

0 


* 


* G-QRP and some European clubs recognize 7030 kHz. 


** These are tentatively designated 12-meter QRP freg- 


uencies at this writing. 


Another QRP club that has a bulletin 
Its journal is called The Five Watter, and it is published quarterly. 


is the Michigan QRP Club. 


If you're interested in this club, contact the editor: 


Mr. Thomas Root, WBSUUJ 


538 Leland Street 


Flushing, MI 48433 USA 
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APPENDIX A 


This section of the book will deal with references that 
you Will find useful in your quest for knowledge about 
ORPercircuits.) Additional date “is offered concerning 
sources of supply for components that you will need 
when building QRP equipment. I can not testify to the 
integrity, speed of services or quality of the merchand- 
ise of the suppliers listed here. I have dealt with 
each of them on various occasions, and I have never 
had a problem. Caveat Emptor! 


Recommended Books for All Amateurs 


P. Hawker, G3VA, Amateur Radio Techniques, RSGB publication, avail- 
able from ARRL, Inc. or RSGB, UK. 


The ARRL Handbook for the Radio Amateur, ARRL, Inc., 225 Main St., 
Newington, CT 06111 USA. 


D. DeMaw, W1IFB, Ferromagnetic Core Design & Application Handbook, 
Prentice-Hall, Inc., Englewood Cliffs, NJ. Also available from 
Amidon Assoc., Inc. (see parts supplier list). 

G-QRP Handbook, G-QRP Club, UK. See letter in chapter 6. 


D. DeMaw, W1IFB, Practical RF Design Manual, Prentice-Hall, Inc., 
Englewood Cliffs, Nd. 


W. Hayward, W7ZOI, and D. DeMaw, WIFB, Solid State Design for the 
Radio Amateur, ARRL, Inc., Newington, CT 06111. 


A. Weiss, WARSP, The Joy of QRP, Milliwatt Books, Vermillion, SD 
57069 USA. 


Suppliers of Small Parts by Mail 


A&A Engineering (W6UCM), circuit boards and QRP kits. 7970 Orchid 
Drive, Buena Park, CA 90620 (714) 521-4160. 


Amidon Assoc., Inc., Bill Amidon, 12033 Otsego St., N. Hollywood, 
CA 91607. Catalog of toroids, pot cores and rods. 


BCD Electro, P.O. Box 119, Richardson, TX 75080-0020 USA. (214) 
238-0040. Surplus small parts -- catalog. 
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Circuit Board Specialists (WAZUZO), P.O. Box 969, Pueblo, CO 81002, 
circuit boards and QRP parts kits -- catalog. 


Fair’ Radio Sales, .P:G@. ) Box::1105,"\7Gier.2s weureka ‘St.& ~Lima,« On 
45802, (419) 223-2196. War surplus units and parts -- catalog. 


Marlin P. Jones & Assoc., P.O. Box 12685, Lake Park, FL 33403- 
0685, (305) 848-8236. Small surplus parts and units -- catalog. 


RadioKit, Box 411, Greenville, NH 03048, (603) 878-1033. New parts 
and kits. 


State Street Sales (Dave DeMaw, KA1BUQ), P.O. Box 249, Luther, 
MI 49656. New surplus parts at low prices for QRPers and experiment- 
ers -- flyer for S.a.s.e. 

ALL Electronics Corp., 905 S. Vermont Ave., P.O. Box 20406, Los 
Angeles, CA 90006 (1-800) 826-5432 --small parts and assemblies, 
catalog. 

Suggested Magazine Articles 


Receiving: 


Hayward and Lawson, "A Progressive Communications Receiver," QST 
POL NAVs 1 Gd 


DeMaw, "Build a Bare-Bones Superhet," QST for June 1982. 
Rusgrove, "Herring-Aid Five Receiver," QST for July 1976. 
DeMaw, "Mini-Miser's Dream Receiver," QST for Sept. 1976. 


Chadwick and DeMaw, "Receiving with Plessey ICs," QST for April 
1981. 


Rusgrove, "20-Meter High-Performance DC: Receiver," QST for April 
278. 


Hayward, "Unified Approach to the Design of Crystal Ladder Filters," 
QST for May 1982. 

Transmitting: 

DeMaw, "An Experimental VMOS Transmitter," QST for May 1979. 
Lewallen, "An Optimized QRP Transceiver," QST for Aug. 1980. 


DeMau and Shriner, "Beginner's Three-Band VFO," QST for Jan. 1980. 
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Rusgrove, "A 20-Meter VXO, 6-W Transmitter," QST for Dec. 1978. 
DeMaw, "Build this Sardine Sender," QST for Oct. 1978. 


DeMaw, "Go Class B or C with Power MOSFETS," QST for Mar. 1983. 
DeMau, "Putting the &8P6 Special eieeicg } tol. ToL Aor. 1960. 


DeMaw and Martinek, "QRP Shakedown, Caymanian Style," QST for Mar. 
4 ie fash 


DeMau, "The 8P6 Special -- Hamcation Backup Rig," QST for Nov. 
1962 < 


Hayward and Hayward, "The Ugly Weekender," QST for Aug. 1981. 


DeMaw, "TR Circuits for Homemade Rigs," QST for Oct. 1984. 


Other Articles for QRPers: 

DeMauw, “Learning to Work with Toroids," QST for Mar. 1984. 

DeMau, "Magnetic Cores, A Second Look," QST for June 1984. 

DeMaw, “Solar Electric Power and the Amateur," QST for Aug. 1977. 
Note: Back issues of QST, when available, can be purchased from 
the ARRL. Photocopies of specific articles may be had from the 
ARRL for a nominal fee. 

Ham Radio, CQ and 73 magazines have also carried articles on QRP 
gear over the years. Since I have no file of these publications, 


article referencing was not possible. A letter to these publishers 
may yield an index of QRP articles. 
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APPENDIX B 


This: appendix, contaans  Teference. aaapauat hat wets 
to standard component values of interest to all build- 
ers of amateur equipment. The listings enable you to 
know what is available commercially in resistor, capac- 
itor; .RF choke;.and,dicdepvalues 4 ibis. ant ormat lone 
usually obscure, which) requires } digging: through’, paris 
catalogs and brochures to find design values for your 
circuits. Additional component values are available 
for special resistors and capacitors, but these list- 
ings cover the popular values that you should be able 
to obtain easily. 


Ceramic, Silver-Mica and Polystyrene Capacitors (picofarads) 


Bele) Delay, G.O, 76, 10, Veale lowe lem cote came Hy 206 a 2 (eno) eee 
SOG VAY 4 SO 565-684) 8755.62, TOR tae Oe ote OU.41°°] BU ee OU Aine ae 
CAO e250, 3270, 500, 530 560 (eee oUt a. OUD) eo dei Sts 
BO we600 7/50. 620.) Ove OGG ees tet set COCIG) he ck IClOh a on 2 const 
Cou... 2700): 3000, 33500, S900. e700. ou0n. SGU0)/ GOOn iG  ecUul. 
10,000 


Electrolytic Capacitors [microfarads (uF)] 


We Co2q De Dy Ae? 1, 22,795, Soo eet OU. 4/70, et eee 


3300 


Tantalum Capacitors (uF) 


VegulatsiiteO, ose 4 Op (Gl 7. Gl oer em ato eo Det yee 


60;, 68,78, 80.) 100.) 120 ei SU em BO neue) OUI aire eee ae 
470 
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Ceramic Trimmer Capacitors (pF range) 


120-6, 2-8, 2.5-11, 3.5-20,, 5.59-16,. 5-30, 5-45, . 5-55), 6-70,..7- 
29; -/—-50, .6-25, 6-50, 9-35, 9-50, 12-70, 12-100, 15-60, 16-100 


Not all of the above ranges are available from a given manufact- 
urer. The numbers represent values that are listed by two manuf- 
acturers (Erie and Mouser). Many of the above values are found in 
low-cost plastic trimmers as well. 


Computer-Grade Electrolytic Capacitors (uF) 


550, 1000, 1200, 1400, 1500, 2100, 2200, 2600, 3900, 4500, 4600, 
5600, 6200, 7600, 7700, 8000, 9600, 10,000, 11,000, 12,000, 13,000 
Pees. to,uuG,  t6,0uN, 17,000, 18,000, 20,088, -21, 000,: 23,000, 
2 e000, 90,0005 32,000, 34,000, 37,000, 42,000, 46,000, 47,000, 
51,000, 63,000, 84,000, 88,000, 99,000, 100,000, 140,000 


The above values represent those that are available from Mallory 
Corp. The voltage ranges for these capacitors run from 7.5 to 
100, and not all capacitor values are available for each working- 
voltage value. Large-value capacitors (up to 2400 uF) are avail- 
able by Mallory for use at 450 V (type CGS). 


Resistors (carbon-composition) Standard Nominal Values 

All values are in ohms. Bold face = 10% tol. Others are 5% units. 
Cee tee te ek, 'Laicse etme y) Cely Wady Dally Dery 
See ee ie Betyg itiem ete Se dg Gets akg: le 11, 
Peo Veet tGewretl.: wes Cbg eo, Suh S04) D0 y 9, 455547, 
Boo ae ea. foe eo)? 1 1, eu, 130, 150, 1605180, 
200, weed reruien 27, 500, 9330, 5606 590, > 450; 470,510, 560,620, 
BOOve OUpmOrclessIU. Ai, dolKi keen. + 1.oKy TOK, Woks 1.8K, 02K, 
25 enre pee 2A ON. SLO, Seon, ooo, 7 4.5K, © aS7K, 5.10K,. 5.6K, 
Bi Aho Osos te sos Dec. aoe, mtn wtih, I2K, 15K, 15K, 16K, 18k, 
20K, 22h, 25K. /K, SUK eiS5Kj Sok, 359K, 45K) 47K, 951K, 56K, 62K, 
GOK, oases ol, OU. 110K, t20K, “130K, 150K.” 160K," 180K, 
200K, 220K 
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Carbon Composition Resistors, con't. 


The following values are in megohms. Bold-face numbers are for 


10% tole. ance. Other values are 5% tolerance. 


0.24,)0.27, 0.30,0.33) 0:36)), 0. 56.90043.: O267 505i. O56) ec. 
0.68, '0:°755" 0.8623):0 915" 205 ad ae, ie alee sO, Real 
2.2, 2.4. 2.7, 3.0, 3.3, 5.6, 3.9, 4.35, 4.7, 5.1, 5.6, 6.2, 6.8, 
dp oayc ae ly bse Ws Pegi ta mere Gls 270) gence 


Carbon-composition resistors of the foregoing values are available 
in 1/8, 1/4, 1/2, 1 and 2-W values. 


Zener-—Diode Voltage Requlators 


The following diode voltages (as listed by Motorola, Inc.) are 

available in 250-mU, 400-mU, 500-mW and 1-W units. Note: 1-W diodes 
start at 3.3 V; 250-mW diodes stop at 100 V; 400-mW diodes stop at 

Bolin i 


Veg BOs AeA e ie bie 207 isa CONG) Oo PRMD cg igted gc Ek v5 ee), aan ee eee eer 
Bee Bs Ge Te oy Beco Gee Salis, LelmmmaUNe iets pl Dacre obeyed Ey emma 
TO 19, CE ee Ab AO, suit ya oem oo, aoe tt 5 9) Gy OLE iain) hi meer am 
605) 62,' 66, 75,82, Tae 441s 120 ea es Ge rls 20 


Toroidal—Core Information: Amidon Assoc., Inc. has specific codes 
for identifying its toroid cores. The ferrite units have an FT 
prefix, which means "ferrite toroid." The number that follows 
the prefix denotes the core diameter in inches. The ldst two 
number indicates the core mix (permeability is related to this). 
For example, an FT50-61 core is ferrite, 0.5-inch diameter, with 
an initial permeability (ui) of 125. 
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Powdered-iron toroid cores are identified as T (toroid) in the 
code, and the last numeral tells 
} permeability). Thus, if we had a 
je made of powdered iron, 0.68 dia- 
suffix would indicate a permeability 
vill be useful in selecting toroid 


H F Transmitter 


FET AMP —Mar. 83 QST 


> ES a es (oe $12.50 jns. Pot cores, rods and the slugs 
Rewrite. CaF Sa ann ea 21.80 same general codes with regard to 
— Sept. ° ‘ 7 
OW OuUmO ANG oT ae cs Sie ee me Sd $ 3.75 lity. Most of the Amidon ferrites 
Kit 160 Meter (less Crystal) — Add ........... $22.05 te Corp., and their powdered-iron 
Kit 80 Meter (less Crystal) — Add ............ $21.50 
Kit 40 Meter (less Crystal) — Add ............ $19.85 -S Corp. 
Kit 20 Meter (less Crystal) — Add ............ $19.55 
Kit 15-10 Meter (less Crystal) — Add ......... $19.55 
TITAN AMPLIFIER — Jun. 77 QST & HBK’s 
JURE RISO RC! 9 ea nS esa ey co $ 7.00 


20/40 METER TRANS.—May-Aug. 78 QST 
1S Watt transmitter. Write for pricing. 


/ Optimum Freq. Range Vs Q 


WARC TRANSMITTER-Feb. 86 QST 15 = 25 MHz 
ACI CHUTMESATOR I a Wethey fo ee lait Meni eeate ae « $ 8.95 
POLES (O'R 32) nS eS oes Meee $42.70 0.2 - 10 MHz 
30 METER EXCITER—Nov. 83 QST 
PCAN hte a wsPetaricews ian pun ahO-Ryeohe > oe « $ S.50 
Kititesserystalsce VNO7 Trans). Sotho 27.15 0.01 - 1 MHz 
30 METER TRANSMITTER—Feb.84 QST 
POE OUTINELO ATE MP” Seen tic) 4 Nive Yo G0ays Gs duet ja bl aed ae $ 4.75 0.001 - 1 MHz 
PUGS EMOnUSt AL) ker: Mie. Sloe ME Ad hive 15325 
30 METER CONVERTER-Nov. 83 OST 0.001 - 1 MHz 
RORCMIMNS ANNE feos Uh elie lace:s, Hele s uy jocoie #50,9.00 $ 4.50 
Belt CREM US IAN) WAI) Pe Scod hele) ok socio ohh det oc $18.20 a ae ne, aie, ae 


-e diameter, thickness and mix. The 
he AL factors for the various cores. 


HF. Transmitter Accessories 


UNIVERSAL VXO—Feb. 84 QST 
Write for full pricing for various options. 


MOBILE ANTENNA MATCHING-Oct. 82 QST 


“COVO RELIES (e)27206 0 (6) Ne rn $12.50 
Pan ee OP hee. ee Sah ok a Oe 25.67 
VOX IN A BOX — Mar. 76 QST 3 
IG. ek he te ecco ec cece $ 4.00 ity Optimum Freq. Vs Q 
mere ee Bee eS eke $13.85 
BOOTS FOR HW-8—Apr. 79 QST 2 
Dire Board (Fitted)... .., ..' ddiewvlews $ 3.50 Audio to VLF 
LOU si. 2 ee rer a 23.20 
RUPP EAOUCO VAIN DIPIET) an ww siasnnrenyes ten nnn 4.00 0.05 - 0.5 MHz 
Np LESS oo. gp-cc hea a and ie ar oe eR ed 45.95 
NONLINEAR AMPLIFIER—Feb. 81 QST 0.1 - 2.0 MHz 
SPA AMUNRPESOALC C8 Glens feu) crewi deve a kee Rite Ge Bis $3750 
sy hh err 40.70 0.5 - 5.0 MHz 
Ot 
Key 1.0 - 30 MHz 
CODE PRACTICE OSC.—85 HBK 
lg UE EO ee a ae Ae $ 5.50 a 
Iho! ale aualanie SR gl i Rees ae Ss ABE EE S 13.35 10 30 MHz 
IAMBIC KEYER—Dec. 83 QST i 
(See Article for FREE Key) 60 150 MHz 
PORT METES OAT boxcar Ch Beto. Ae coo sincsbatele: sees ution $ 4.50 
RMT CII ES CASE) S toted shila. o tus uistapetac ete ws ets 62.30 100 - 200 MHz 
_ EL CHEEPO KEYER 
Circuit Board (With Instructions) ............ $ 6.50 150 - 300 MHz 
LO TEES 3 6 ei Wi Rae ee A ee 14.15 
MORSE KEYBOARD—S81 Handbook Meo tere as eee aT maar GAL e 1 ees 
RSENS OALGSICS)) Siemens. Rev chee yo uls ethene os $21.50 iameter and thickness ; plus permeab- 
eULeS CRC CVO) isl, ee my ions dhe: oi ues Beil sae 45.75 - AL ‘data 
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Carbon Composition Resistors, con't. 


The following values are in megohms. Bold-face numbers are for 


10% tole. ance. Other values are 5% tolerance. 


0.24,: 0.27, 0.30, 0.35; 0.56. 0-5G500043 0267.50.54; /0.565 (0.62% 
0.68, '0)°753. G.823 0 2915 Oe et eae ier cere, sy Seaens 
2.2, 2.4. 2.7, 3.0, 3.3, 53.6, 53.9, 4.3, 4.7, 5.1, 5.6, 6.2, 6.6, 
Tin D gi) Body ade bey blbeu bby Pepi a meted ster ENDO a het ate 2 


Carbon-composition resistors of the foregoing values are available 
in 1/8, 1/4, 1/2, 1 and 2-W values. 


Zener-Diode Voltage Regulators 


The following diode voltages (as listed by Motorola, Inc.) are 

available in 250-mU, 400-mWU, 500-mW and 1-W units. Note: 1-W diodes 
start at 3.3 V; 250-mW diodes stop at 100 V; 400-mW diodes stop at 

35M 


Wee 2.0, 22 eN2e4, COT, 5. Sem Or Oe 7 oko aera 
PGA UREA pe MA a cn a? Ash fod WN tL. (1 el Zt Mid Bs Sm a 2 ge 2 
1G 619 5 2a 2228 Coie CO fu Io's WOE 15 941.45’, (1H ano Ane 
60 62, 66,..75, 82, The, 41 Bs eee ole 20); 


Toroidal-—Core Information: Amidon Assoc., Inc. has specific codes 
for identifying its toroid cores. The ferrite units have an FT 
prefix, which means "ferrite toroid." The number that follows 
the prefix denotes the core diameter in inches. The last two 
number indicates the core mix (permeability is related to this). 
For example, an FT50-61 core is ferrite, 0.5-inch diameter, with 
an initial permeability (ui) of 125. 
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About Our Company 


Rather than put out an expensive catalog and 
have to add it’s cost to the price of the circuit 
boards, we are sending you this list of the more 
popular boards that we have in stock. This list is 
not inclusive, especially for the circuits that have 
recently appeared in the various publications. 


We make the finest circuit boards that are 
available to amateurs and are very proud of our 
work. Our circuit boards are made of epoxy 
glass, (FR4 or G10), and are etched, drilled and 
plated. 


Custom Circuit Bowls 


We can make any size or quantity of circuit 
board(s) that you desire. A 1 to 1 negative is used 
in our process, however, we can work from your 
layout or schematic. For further information on 
custom circuit boards please write, giving all 
information that you have, such as schematic, 
layout, hole sizes, etc. We will be pleased to 
quote you a price on any board you should need. 


Ordering Dubormation 

KIT price does not include Circuit Board, 
ADD the board cost to your order. 

On orders over $10.00 we will pay postage, on 
orders less than $10.00 we ask that you include 
$1.00 to help with the postage and handling. 
Colorado residents, please include state tax. All 
orders outside of the United States, please 
include postage and shipping instructions. 
NOTE: PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 


Guarantee 


Everything that we sell must be to your 
satisfaction. A refund or replacement will be 
made on anything that is not satisfactory. 

We cannot be responsible for incorrect 
assembly or the use of acid core solder. 

Surplus or junk parts will not be sold. We feel 


that by using first class parts that your project is 
almost assured of being a success. 


REVISED 8/86 


— BASIC RADIO — 


UNIVERSAL SERIES 
OCT. 1979 thru July 1980 


We highly recommend this comprehensive series of 
amateur radio projects to all newcomers to the art of home 
construction. 


We have kits of parts just as the projects appeared in 
QST. We are very proud to have been chosen by the ARRL 
to supply these boards and kits. 


UNIVERSAL BOARD-Sept. 79 QST 
Circuit Board secs ee othe e eeoks erste en $ 3.00 
Circuit Board (Set of Seesw se saat oe ese ies 10.00 
RF SNIFFER-Oct. 79 QST 
Circuit Board $ 3.00 


UNIVERSAL POWER SUPPLY-Nov. 79 QST 
Gipcurt Boards o>. ys = bare etre ioe rhea 


UNIVERSAL TRANSMITTER-Dec. 79 QST 
Cireutt Board os.:/5 «ac, « aieie reels, aerate las 


Transmitter Kit (less:Crystals) <. 0. stents seems $20.25 

20' Meter Parts Addi 6 SW ein te cote es $.3:35 

40 Meter Parts == Add... ov suas sik Nee ee $ 3.45 

80. Meter: Parts —— Add sock £ ease oS eas $ 3.75 

Setof K.its-All 3° Bands: ....5 sks hearers $60.00 
UNIVERSAL VEO 3 Band-Jan 80 QST 


Circuit BOOTH hes. os eevee ee aren sie ER aaa $ 3.00 
UNIVERSAL TRANSMATCH-Feb. 80QST 
Circuit Board a ACh Be eS cd ese aaa ete 
UNIVERSAL REC. IF Section-Mar.80QST 
Circuit Board @requited) 2013 camo eaten we an 
UNIVERSAL REC. Converters-Apr-80QST 
Kit (ess Crystals) x ctreasrst ie) teas a eae as 

UNIVERSAL KEYER-May 80 QST 

idiversal (CGC BOard sot ted ieee we. tebe oe $ 3.50 
Circuit BOAO ONWoe Bas vasseccee cl eee teens 
UNIVERSALTEST SET-June80QST st” 
Ciscuit Board eck, ek Oe ee ee 
UNIVERSALIMUS CONT.July80QST 
Universal Ie Board sas Lea cetet ees 


SOLAR BATTERY CONTROL 


Cireuit Board (with Instructions) 4.7. > eee ae $ 


NICAD BATTERY CHARGER 


DELUXE NICAD CHARGER-May 80 QST 
Circuit Board ect crite eareeer a ee ene $ 4.00 
Kitof Parts(inchiding Gase"Papts) ater tec sis < steal 23.65 
Want Some Fux !!! 
BUILD THE PIZZA CLOCK 
June 83 QST 


Board ee@ases Pizza Clocks. vise es ene 


—HF Receivew — 


BARE BONES REC.—June 82 QST 
Write for full pricing on the various options 
for this receiver. 


MEDIUM GRADE REC. -81 Handbook 


Circuit Board IF Section'y. «sic ce és $12.50 

Be(Less Fitter FLD over Se) wes 136.70 

Note: Above kit includes a_ finished front 
panel. 

Kircuit Board Converters .. 2.4... .. + at A pe) 

Bert uess Crystals) 3252 63 ee $52.45 


PROGESSIVE REC.—Nov. 81-QST 
Write for full pricing on the various options 
for this receiver. 


MIZER DREAM REC.—Sept. 76 QST 


Circuit Board (Receiver) .......... S470 
Kit (less. Crystalshustai. asivss Seid oe $81.10 
Circuit Board (Converter) ......... 3.50 
RAC IESS CryStals) mcccee oo wletery Hus: < ge pie 11.90 
YY SPECIAL — Jan. 79 QST & HBK’s 
CATOHIT BOAT: be a Sia AME Ga eae $ 8.50 
Pett ML CHUGING CASO). <5 ses ce the ee oe 45.95 
AQ Meter Parts =—Addiy.. 39 aih ete $15.64 
80 Meter Parts— Add ........... $15.80 


H F Receiver Accessories 


30 METER CONV—Nov 83 QST 

Circuit Board wes «ep wy veuye oe ee $ 
ORM FIGHTER — July 82 QST 
CCE SORTO) . . ka ss > <> too a 


Rat (ie uGINe CASER . Lo sy ss ee 38.30 
C W FILTER ENHANCER—Apr. 82 ae 

Sretit HOUR. eek ks 0 se a Oey sae oe $ 6.50 

Rei tichiding CaSO) 6 oc 24 ere eee 35.40 
HANDY AUDIO AMP—Dec. 79 QST 


Crewe Board: 2) es FOES ET EAS $ 3.50 
SR aoe ok ee oo ore eo ae ; 
RC ACTIVE FILTER—Apr. 83 & Oct. 81 nie 
PERI ICeROOERL oo. its Sn ay cp, eae 50 
Kit(ineluding casera... eee Ps IS 
AUDIO FILTER/AMPLIFIER—Dec. 82 oe 
Circuit Boards. ¢ts is Cee ee AS 


Cee a oot fa ale Oe eee Ser Qe ee etm eee ee 


DELUXE AUDIO FILTER—83 HBK 


CrCl Oar «. . 6h «a Blethen EE $10.50 
Kittineluding-case) a: {4.4 aura. 88.48 
BROADBAND LINEAR AMP—May 84 eee 
Cireait Boards, dxntss ee 7y es ee 

Se ee Oe ee ae eM Pe EE ETE 5 1 238 


24MHZ WARC CONV.—Apr. 85 QST 

Circuit Board ccm se. neryers yea Foye $6.50 
T/R SIDETONE—Oct. 84 QST 
Circuit Board ........--. 2.526, 


Sawer waa he 6 AR ae a, eye. eee A Re ee, eee eS) 


H F Transmitter 


FET AMP —Mar. 83 QST 
Circuit Board 
Kit (less transistors) 
QRP TRANSMITTER — Sept. 81 QST 
Circuit Board 
Kit 160 Meter (less Crystal) — Add 
Kit 80 Meter (less Crystal) — 
Kit 40 Meter (less Crystal) — 
Kit 20 Meter (less Crystal) — 
Kit 15-10 Meter (less Crystal) — 
TITAN AMPLIFIER — Jun. 77 QST & HBK’s 
Circuit Board 
20/40 METER TRANS.—May-Aug. 78 QST 
1S Watt transmitter. Write for pricing. 
WARC TRANSMITTER-Feb. 86 QST 
Circuit Board 
Kit (less Crystal) 
30 METER EXCITER—Nov. 83 QST 
Circuit Board 
Kit(RessiCrystalse VNO7 Trans) iqreen mites. nc reir 
30 METER TRANSMITTER—Feb.84 QST 
Circuit Board 


30 METER CONVERTER-Nov. 83 QST 
Circuit Board 


HF. Tronowitter Accessories 


UNIVERSAL VXO—Feb. 84 QST 
Write for full pricing for various options. 
MOBILE ANTENNA MATCHING-Oct. 82 QST 
Circuit Board (3) 
Kit (partial) 
VOX IN A BOX — Mar. 76 QST 
Circuit Board 


BOOTS FOR HW-8—Apr. 79 QST 
Circuit Board (Filter) 


NONLINEAR AMPLIFIER—Feb. 81 QST 
Circuit Board 


CODE PRACTICE OSC.—85 HBK 
Circuit Board 


IAMBIC KEYER—Dec. 83 QST 
(See Article for FREE Key) 
Circuit Board 


EL CHEEPO KEYER 
Circuit Board (With Instructions) 


MORSE KEYBOARD—81 Handbook 
Circuit Boards (3) 
Kit (less Keyboard) 


Test Equipment 


FIELD STRENGTH METER—Mar. 85 QST 
OIEMESO ALCS: Sie vc bse ood nak Sf5415 


DCist 6 6. 0 wo les S66 Wa <6 ©. €*s © Ss 0 6.60, 


INDUCTANCE METER—Oct. 83 QST 

Circuit UAV fe ORE Seana ce oo Gane ee $ 
THE “BEEPER”’—Sept. 83 QST 
Circuit PEC ARTS ehteh a ncdae Sx iste SEO «bck let i 


Vk ae we WA ene) 0 See o 0) bie. cow Hie ce we « Soe 


R F POWER METER—Aug. 83 QST 
IPE MOALG.: Se a ote a ee : 
SE 8 EO oe I 18.40 

LOGIC PROBE—Aug. 83 QST 

OTP ATE ii oie b artegs SES OS $ 4.50 


ee? een eis) oe e 8 ea 6 6 «6 6 © 8, a 8» 0 


DIGITAL MULTIMETER—Aug. 82 QST 
Circuit ‘ea Ly fey See a ees ene” 


Pees ie 6s e's ie ©. @ « oe. a” @ « & 6 8 « © @ eo 6 


ATTENUATOR—Sept. 82 QST ° 
Prete It OPE arts oo. os ne om $15.00 


RESISTOR DECADE BOX—Jan. 83 QST 


Kit of Parts 

Withee Watt Resistors): cia.mcds . uc $36.85 

DIE Das Fev AUT IRCSISLOTS xe. sree eevee 47.85 
SIGNAL INJECTOR—Feb. 82 QST 

Circuit IDES 6 AGE ck a ea $ 4.00 


Aaa 6 2 4658 i) eee. e eo ie:'s) 66) \e le 10 ‘et ee) ear ce 


CRYSTAL SIGNAL—Feb. 82 QST 
SeE PCS OATG nya er eka ee 


Sees eco) 8) GO wie ae els, a8 el 6 6s (ee! pie 6 


D C METER — Jan. 82 QST 
SPC MNT MOAIU. «kis dss x he SERS 


mo 58 US ee 8, 8 ne Ce Qe, 


CAPACITANCE METER—Jan. 83 QST 
Circuit OAC TS chad oN te A Ne 


Pe 2 70. 6 wert eens seu a 6) a 6 


R F PROBE—Jan. 82 QST 
Circuit ri ee A 2 


SOC ee) @) eC, CnGhe as he Cured w Owes ® YS) @. eho ie 6, 6, 


FREQUENCY COUNTER—600MHZ, 81 H B. 
OPT GE te it es $10.50 
Pieemerystal) (ee Gio BEA 187.48 

NOISE BRIDGE—82 Handbook 

ReerrersOSATU! c's. <<) etek. a oF auch eve Eee 

STW, |. dss sw avspw ean L245 

AUDIO CURRENT METER—Sept. 79 os) 

Circuit So a 2 eS ae aa $ 8.50 


NOTE: If you know of a blind amateur, please send us his 
name and address and we will send him a set of the Audible 
Current Meter boards at no cost. 


Repeater Equipment 


DOUBLE DUCKY DF—Jul. 81 QST 
Kit of Parts (with instructions) ..... $25.44 
UNIVERSAL TT DECODER—Mar. 80 QST 
This decoder can be built as a simple ON-OFF 
shutdown decoder or up to 45 functions. 
Write for full pricing. 
REPEATER CONTROL—May 78 nee 


Circuit Board (with instructions) . $ 8.50 

OT Ra. Eanes, ie ent. Mowe ciey 37.60 

Socket for: A DOVE =<, ..cesterepe were 2.00 
CARRIER OPERATED ener aa 76HR 

Circuit Board (with instructions).... $ 5.00 

Ki) Be oreeecce ee el, 8 4723 9.85 
REMOTE CONTROL—Nov. 74 HR 

Circuit Board (with instructions) . $ 6.50 

Rett: Ke Res PUR ie) 22.50 
MORSE CODE GENERATOR 

Circuit Board (with instructions).... $ 9.50 

Kit of Parts (less Power Supply) .... 20.45 

VHF DUPLEXER — April 79 QST 

144 MiTZ Duplexer Kitts... ee: $135.00 
720 MHA Duplexer Kityiauy acoske so. 5 105.00 
TAASIMELZ Cavityitt wjeces sacs eres 22.50 
220. MZ Cavity Kit et pe oe a a 22.50 


VHE € 


UNIVERSAL VHF AMP—Apr. 84 QST 


CET OAL anti ots eek te ee $ 5.50 

| GENER aie aoe REO ate hae REE lt: ee 12.10 
15W CLASS-C AMP—Aug. 84 QST 

PiTCit Oar, 26-3. ee bee a, eee a 39,50 

Kit See ae. Shae. te vane ss ree sd oe 28.40 


6 METER TRANSMITTER—Apr. 82 QST 
Write for full pricing. 


RTTY EQUIPMENT 
Z-AMTOR—85, 86 HBKS 
Hoard Only merges fark a5 Ges awe $49.75 
LSI MODEM—85 HBK (29-Fig. 17) 
Serre tuuBeatrd Onlye sce oe oe $18.75 
BREAK-OUT BOX (Bob)—85Hbk (29-Fig.11) 
Girciit Board’ Only 7. a. ...deeeee $22.00 


2000-V POWER SUPPLY—85 HBK (27 Fig. a 
Circunt Board’ Only. Jaf eke! $10.5 
RTTY GENERATOR (Single Chip) 


Circuit Board (with instructions).... $ 4.50 

Kit (less Power Supply): ge. gs * a 8.70 
DEMODULATOR (Single Chip) 

Circuit Board (with instructions).... $-4.50 

Kit (less Power Supply) oo < ey cute ass | INAS 
POWER SUPPLY FOR ABOVE 


Circuit Board (with instructions) . $ 4.50 


Swe eet ee ees e Sw OL wy Me, 6 as B) olla) Aer ae 


Miniature Transceiver 


This is a version of the little transceiver published by QST 
Aug. 80 by Roy Lewellen. We have developed a circuit board 
for this transceiver and have included a keyer in the circuit. 
The kit includes all parts and materials to construct the case 
just like the one shown on the cover in full color. 

40 METER MINI TRANSCEIVER—Aug. 80 QST 

Circuit Board 

Kit 


10 MHZ TRANSCEIVER—Apr. 83 QST 
Write for full pricing on this version of the 8P6 
transceiver. 


: 8P6 TRANSCEIVER—Nov. 82 QST 


Write for full pricing on this excellent Transceiver. 


—1986 ARRL HANDBOOK BOARDS— 


A DUAL-GATE MOSFET DIP METER (2 Fig. 43) 
Circuit Board only 

A TWO-TONE AUDIO GENERATOR (25 Fig. 51) 
Circuit Board Only 

AN OPERATING IMPEDANCE BRIDGE 

FOR 160 TO 6 METERS (25 Fig. 80) 
Circuit Board Only 

AN RF-PROOF 30-AMP SUPPLY (27 Fig. 10) 
Circuit Board Only : 

A 28-V, HIGH CURRENT POWER SUPPLY (27 Fig. 18) 
Circuit Board Only 

A 1.2 TO 15-VOLT, 5-AMPERE SUPPLY (27 Fig. 23) 
Circuit Board Only 

A MULTIPLE-VOLTAGE BENCH SUPPLY (27 Fig. 31) 
Circuit Board Only 

EMERGENCY GELLED-ELECTROLYTE BATTERY PACK 

(27 Fig. 68) 
Circuit Board Only 

AN AUDIO AMPLIFIER WITH AGC FOR SIMPLE RECEIVERS 

(28 Fig. 15) 
Circuit Board 


TR TIME-DELAY GENERATOR (31 Fig. 22) 
Circuit Board Only 
CONVERTERS 50, 144 & 220 MHZ (31 Fig. 27) 
Circuit Board Only 
A PIN DIODE TR SWITH (34 Fig. 18) 
Circuit Board Only 
DIGITAL PEP WATTMETER AND SWR CALCULATOR 
(34 Fig. 27) Sampler Board only $ 7.0 
(34 Fig. 28) Calculator Board only 
(34 Fig. 29) Display Board only 
(34 Fig. 30) Power Supply Board only 
UHF MARKER GENERATOR (34 Fig. 61) 
Ciruit Board only 
A SIDEBAND GENERATOR MODULE (30 Fig. 39) 
(9 MHZ SSB Generator Module 86 Hbk) 
Circuit Board 
Kit (partial) 
A 2-KW PEP AMPLIFIER FOR 50 TO 54 MHZ 
(31 Fig. 96) 
Circuit Board 
A LEGAL-LIMIT 2-METER TETRODE AMPLIFIER 
(31 Fig. 146A) 
Circuit Board Grid Supply . 
A LEGAL-LIMIT 2-METER TETRODE AMPLIFIER 
(31 Fig. 146B) 
Circuit Board Screen Supply 
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Cinenit Board Speeinbists 


Powdered-iron toroid cores are identified as T (toroid) in the 
prefix. Next comes the size code, and the last numeral tells 
us the core mix (relating to permeability). Thus, if we had a 
T68-6 toroid core, it would be made of powdered iron, 0.68 dia- 
meter (inches), and the no. 6 suffix would indicate a permeability 
of 8. The following charts will be useful in selecting toroid 
cores for specific applications. Pot cores, rods and the slugs 
in variable coils follow the same general codes with regard to 
suffix numbers versus permeability. Most of the Amidon ferrites 
are manufactured by Fair-Rite Corp., and their powdered-iron 
toroids are made by Micrometals Corp. 


Ferrite 

Core Mix Permeability Optimum Freq. Range Vs Q 
63 mix 40 15 - 25 MHz 

61 mix Tce 0.2 - 10 MHz 

43 mix 950 0.01 - 1 MHz 

72 mix 2000 0.001 - 1 MHz 

7 mix 5000 0.001 - 1 MHz 


en EEE RENE RIESE SEES EERE SEER 


AL factors vary with the core diameter, thickness and mix. The 
Amidon Assoc. catalog lists the AL factors for the various cores. 


Powdered-Iron 


Cores Permeability Optimum Freq. Vs Q 
44 mix (green) fs. Audio to ULF 

3 mix (grey) 35 0.05 - 0.5 MHz 

15 mix (R&W) 25 0.1 - 2.0 MHz 

1 mix (blue) 20 0.5 = 5.0 MHz 


1.0 - 30 MHz 
6 mix (yel.) 10 - 90 MHz 


2 mix (red) 10 
8 

10 mix (blk.) 6 60 - 150 MHz 
3 
J 


12 mix (gr/wh) 100 - 200 MHz 
Oomix?>( Catt) 150 


300 MHz 


sous oS i a ia Be a NS ae 
AL factors vary with core diameter and thickness, plus permeab- 
ility. See Amidon catalog for AL data. 
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Standard Nominal RF-Choke Values 


It is helpful to know the available values for miniature RF chokes 
when designing QRP circuits. The uH and mH designations below 
are for solenoidal (single layer) chokes and single pi-winding 
chokes. Values listed for inductances greater than 100 uH are 
available in the single-pi format. 

uH Values 

1055-7 24.5705, TVeBy Sh.2 50 eT g nn ony moe scat eo ete Gree he ae 


TZ IS NAG Ww C2 27, 35g 19D a eich Clean ret 


Single-Pi (mH) 

4, 0.92, 0.15;.50.18,.Us22) O27 ee Seo ee El t/a Uin Gs ma Caceae 
B24 Welly) Vel V8 Wee 2 ee So are ote Leo ta Oe areata 
Bee 


The above values are available in RF chokes manufactured by the 
J. W. Miller Co., Compton, CA. Low-cost miniature chokes of the 
above values (to 1 mH) are available from Mouser Electronics, 
Santee, CA. 


: we : ut “a b 
ae FD by Sick ‘ > 
= 
a Pe sarin inh 4 Sy ‘ a \ fas ¥ ; P 
4) i A seh ae re Vase < c j ds ev 
ents hie av ogee + i rie 
i ‘ iu PETC > c 


ae ees 
* 

‘ue ¢ 
pee 

" meh hha ; 

7 i 4 
, ae ie vache 
tan ny ‘ A“ 
he by ag Mi 
‘ i y 
lad bat 


INDEX 


Antennas, QRP: 2 Oscillator: 25 
Articles, recommended: 71 Oscillator, crystal: 24 
Attenuator, RF: 49 Gseillator,;. puUbbings: 25 
Audio channel: 9 Uscillaten,.power:25 


Audio shaping: 9 
Parasitic oscillation: 8 


Battery capacity: 46 Product detector: 6 
Battery, NiCd: 45 Product detector, diode: 7 
Books, recommended: ‘70 Power amplifier, RF: 32 
Break-in delay: 41 Power rE hy MeSs 35 
Bridges, resistive: 48 Power supply, ac: 42 
Broadband circuits: 37 Power supply, solar: 43 
Capacitor values, standard: 73 QRP frequencies: 69 
Chassis methods: 62 QRP operating: 65 
Chirpa Gils: 25 QRP rig, poor ham's: 30 
Choke values, RF std: 77 QRP societies: 66 
Circwat ‘boardss),59,,61 ORE rig; 2Z0emeters: 54 
Common-mode hum: 3 QSK operation: 31 


Converters, HF: 20 
Receiving: 1 


DC receiver, practical: 13 Resistor values, std: 74 
DC receiver, problems: 5 RF amplifiers, revr: 7 
Diodes, Zener std: 75 RF power, measuring: 53 
Direct conversion: 4 RIT methods: 51 
Dynamic Tange: 3 Rules, operating: 65 
Equipment format: 1 Self-oscillations: 8 
Sidetone generator: 52 
Feedback: 25 Single-signal reception: 15, 
Ferrite beads: 34 Superheterodyne concept: 14, 16 
Filter, Cw passive: 9 Superhet, medium grade: 18 
Filter, Ciltactive: 9 superhet, practical: 17 
SWR indicators: 48 
Harmonic filtering: 39 Synchrodyne receiver: 4 
Inductance, transformer: 38 Toroids: 62 
Instability, RF: 34 Toreldcore, catat. 75 
Transceiving: 54 
Local oscillator: 11 Transceiver, practical: 55 
Transformers, broadband: 64 
Marker, 100 kHz:. 49 Transistors, PNP: 38 
Matching, antenna: 47 Transmatch, QRP: 47 


: j 4 Transmitters, design: 37 
Noise figure, audio: 9 Transmitters, QRP: 22 


Trans-receiver: 56 


VBFO (variable BFO): & 
VFOs 12 

VFO) circuits: «27 

VFO, 4O meters: 29 
UAUS AZ. 25 


Zener diode table: 75 
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ARRL MEMBERS 


This proof of pur- 
chase may be used 
as a $.50 credit 
on your next ARRL purchase or 
renewal 1 credit per member. 


Validate by entering your 
membership number — the 
first 7 digits on your QST label 
— below: 


Please use this form to give us your comments on this book and what you’d like to see in 
future editions. 
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